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(57) Abstract 

Whan a mask (R) is irradiated obliquely with light (EL) from a 
lighting System, the light (EL) reflected from the mask (R) is 
projected onto a wafer (W) through a projection optic system (PO), 
and the pattern of the mask (R) is transferred to the wafer. If the 
magnification of the projection optic system (PO) changes because of 
a vertical movement of the mask (R), a control unit detects the 
projection position of the mask pattern image on a stage (WST) by a 
spatial image detector (FM) and also detects a mark on the spatial 
image detector (FM) by a mark detector (ALG) so as to determine the 
baseline of the mark detector. Thus, the positional deviation of the 
projection position of the mask pattern image on the wafer due to the 
change m magnification is corrected to sufficiently restrict or prevent 
alignment inaccuracy involved in the change in magnification. 
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iuT. *56w©£ i onmwzmzm 1-012 izm-i^rmwrz. 
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TOS. COS3t§H Oli, 8ftSWS5tEL<»:LTft£5~1 5 n mWtX 
X»««©3t (EUVft) £fflUT. XT-y^T^Ka+^^aiCfcUBft 
i&tt£fT?*£i*S3fcg§T&*o *H«5^T'li. Star* J: 3 C 17.2 k. 

ut<d i^* ju r & e> ©sat^m* 2 x/\ w± icss ic&af 1- s is&ft^m p 

3tlA^lS)^Zli!l^|fiJ. cniC®Xr-5®rt^01 lCfclt*&®rt<fl££:*fi£ 
YfAtflSj. |ft®lciI^-rS^IfiJ*Xli!i^Ifi)«!:LT^W"r5t)0«h-r*. 

^_><Z)-SP<Z)&£&i*ft^ p o£*h Ltlffii^ LT(D£x/\W±ICi3:i*U 

^^^jUR^^xAW^^S^^POic^u-ci ;*7c^riBi (cct 

SftgSI Oli. EUVftE LfcY*AC»oT*¥K:Mait"**iB£ai 
2. COftSSSl 2 36»&©EUV3tEL*5»UTWS«)A«tftO (OliC 
CTIi&5 0 m r a d Tl/f^^R (DA**->® (B 1 ICfcltSTBi) 

(D t\9 - >® T'E8*£ n£ E U V 3fc E L * 0 X A W0)8gftil lC*t UTSE IC 
ytLfJlA^T-vWST, (14 a, 14 b) StfV 

MCXSSti 214. H2£w*n*J:3C. U-tf^Xv^i 6ti 
W*¥56©— BP (PRM. IM. 3 0) (b^btiBSc^tlS. ftS1 6 li. #1*. 
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ti^miti'— tfiaeicfc^ y a g i/-+F*x* u-tf^oiiai^ u— tf 2 

-Ct, EUV3t©56^©U<*IC-DOTfflJ|iK:l!lWr«i:« fiHWJ.l'— V 
20 ^©U- tfJtL #IHft U > X 2 2 ©ft*£ CE« $ tlfc E U V 3fcfg£1$!) 
ft 2 4lCBa*t«**l££. C©EUV3t*5E«lH2 tf*OX*^'Ca 

C(DJ;^(CLT^UAcEU vftE L [t±UmzmWLt Stub. ZtlZMft 

C05«[«!l®^ P R M©rtMlCliE U V3fc*fi«-r*fca&© E U V 

*r«ji ntfc y . *©k® icii^sigg 2 6 y tti* e> nx 

tfimirTl\2>MWB&P R M©OTlCjfcfiJt£nT(,*<5 E U V%RttJS£LT. 
2 «B©fcR*a5:ic»E Ufc£J«fcffll*a - £ c «fc l J > 
*£RS*f 5C<t#»e>tlTlN3o «Atf. t'J^f>Mota*S 
Hu-X-f > ^"f 1 3. 4nm(DEUVMIRW5itU tU? 

T>£*V UOATIiiftSttl 1. 5 nm©EUV^5l*t5C^filbn 

StlfcEUVftELIi. ^©ft$*lcM&ffir®E##RBT\ 
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MOEUV3tEL©Jltl7^fiia^ffl (0 2 lC£l*<5lft®£<»l) IC 

$ 1/5-9)1 R OA* - >BJMfcjSlI ICfcoTH* <!: l^T 

! fo-£-(0^^®±"Cli E U VftE Lli1 mm*»& 1 0 mmgg©*I£^"t5o & 

5. dtlUL ^HRfr&lSSEUVKWRIi* EUV3f£jaa©^filC*tUTIi 

»po«i«t557- (cn&cot^Tiiaifi-r*) ««5e»bfcy» sso 
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B3ICI*. B2C55Sn43t3SWl 2*Y2f|fiMH (B2CiSI**£«) 
^eE/b«Bg^$nTO^o Ifl)H3CfiOTIt. »B©*«CHl©«rU 

;:©;fcfflffiBT*SB3TttfitfJBT**fr&. iW^7- I M©5S4Mli. 
n«©rtHiB©-»<i:PI*©JB«*^Tl\SC<!:C«t«. C©i§£. E U V 

ELii, H2©aiBrtTBiR**n-5^ 0 3©at@rt-cii¥?77t©*^-cfe 

«rEl/*-*;u*x— I>RSTIi* B I •CttBwtffcttStiTuatf* XRIIC 

^ 3 2 ± icem s n, m%n±M 2 *5c «j -7 t * x-* 3 a ? t& 

RSTIi, «mJ?±^2^7C'J-77^5 c aX-^3 4 lCcfct>T YtffllCffiSg 

^fn-t7-z®m£ftz±t*t* x*fi&tfe*ft (zt*ay©BC^rft) 

tt. «W±fi2«5cU-77^f-aX-^3 4U:J:oTZ*ftfttfXY1IC 

IC^ IJ M 6 5 nfc □ ;U 3 4 a <h IC J: o T H5IE^m^±S 2 'J -77 ^ ^ 

a x - ^ 3 4 s tir y . aa-r 4 ±so»sa 8 0 C J: ^> T □ >f ;i 3 4 

a icar«a*«»T * z±tz**x u^ji^t- v r s t © e %^m© 
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2 RH<Dmm®Z&tt?%*T-it*to 3 St. *x~v*tt3 5© 

-nii, EUV^EL$S3tffl!SB < a3t<!:LTffltNSIi»e > . *£«SfBfli©B 

WlCffl«*U C©aHJ£Sfilca-3l*TaKWW»3 6TI/ff JUR©ag£ 
WE©B«aKlcfl^J:5ttaflMil»fcfr3. C©SS»flMR3 6««J«-r* 

««©3fclz*rr*R«iB4 0 atfJBJSSnTU*. H4T»H^MStlT 
B6ICS!*«n*J:3IC. |/^JU*x-vRST©X#fl-$)©<8!® 

^UT, d©Sft£mi OTIi. ft*©DUV#S©B#S»£H«C. h5I£ 
R*t®4 0 a. 4 0 blC»i£e-A*B»«T»th>*xAC*oTl/f-* 
;P^-S;r ST©X Y®rt©&g#W£$nTl^. C©=F#itv*X AIC 

U3=-*;UR©S® (/t*->®) CfcL EUVfcfcRWrfcRttRtfJB** 
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nw«. commit «*ri2«H0i««5CMa*fcM«"r* 

EUV*C**LT5«*ft7 0X©5W«*JB*^^*» ^*S*tKO± 
©Z^rtfflB*lfra-r*fc«)K:. (RIFZ1~RIFZ3># 

fcSEUV)tEL«$n5R5IMMl AT**„ CCT. RSffitt© 

$l\»«©**ttfflTg*J:5C-r*fc«>T**- U^*JUR©/<*- 
>«PAOX*flRWICB. YWCjB^SIIItttttb^^ 

<hLT©U^^^7^^>> h RM 1 ~RM 6#»Jfc3nw*. U-T" 

^^77^^>hV-^RM1 <hRM4» R M 2 <h R M 5 , R M 3 £ R M 6 li» 
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tf^lSI-aijttffc l/5^JU R OJRtttUTffl^ic t*«^lf 6»tl*. 
5^* R H H3Rtt*tH-T*tltf 

^ R 1 ;U*;U^ R H £<D&#£ LTffllvtitf » PI &n*. 
«*.tf. U^JURlCv'J =]>£l/V l/W*^RHCSiC (BHbJi 
ijt) £^5C£#2rx.t>*l<5o Uf^^R©*tt£UT->»J=i>9X/\£JH 

^saja:^*©***^**^*^^***' **ts««"^ii» ***** 
aiicRu. uj-tfrROT* (Euv3t©AW«) icii"r»^7-r > h 

i\5„ .tum^Wlcli, cti6"rttaC^7-f>H4 2» *'Jy h*S4 412. & 
RHcii. 04lc^5n*«te>lc^^^^-v / <-^3 2©rt9lCE«Stl 

ClIWlSnT^S. 0 7ICIi. ^WXU? h«4 4atre-0ffi»««l4 6©¥ 
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mm^^nxi^o *u v k«4 4icu, mtftmm^tfttLX(DEu v*e 
Ltfimznzi'T?)\'R±o™#<Dmwifc® (& 1 ibb/jss®) i a£*ss 

t77'f^>^-^RM1 tRM4 (&51M*. RM2iRM5, R M 3 t 

r m 6 ) awicgftfflB&wft e L^sa^sn^m 2 isw^^^-rsm 2 X 

•J.yM4b(h£*nrS. »»««4 6UL 4 6 AiCO^-^Oifa* 

ttlC«ff^4 6 B&it[sTM&i<*litmVtoC4 6 Ct* iBIE^-* 4 6 AO 
ftJ8PgB4 6 D££iiX.TlN5. h«4 4 ©H 7 CfcttSttiEMICSR 

-^4 6 AOSieiCJ:?T2IU4aD4 6 C^E^SEift^tl^ CtUCtoTMU 
toC4 6CC»*ft (Ytffc) C7'J^Hfi4 4i«KBSn««fc5i:ftt)T^ 
-5. IBIMMM 6 09JMU 6 Dlt. 'ikmtZ2.ft\W£mS 0 (01 0#fii) 
*60«SCtt3T, 7Uy«44t. «*JBIOTHfcEL#» 

17'J»; h4 4 alC»»Sn*«1ttfllC«iy»A» l/^^;UROtt«^*>* 
(77-f»H ftlctt. *'J?MS4 4fc, gftffl&Wft E L#« 2 * 'J y 
h4 4 blCgai*$n-5^2€l^lC«iJ§^'5«fce>lC^oTl^. fcfc. & l Jfc 

D»«ottt>yic ffH^iiu-Tt-^^fflt^^yy h«4 4^igauT=t> 

H4ICRU. fi9ERr»SC^7-f>K4 2UL H-U^^^RrtC«^*i^ 

MSB 8 0 (01 0#P.) fr&©»*ia6C* H»«t»4 6*««-r*WE 
1H0»4 6 DlCfcoTUf^JU^X-vR STOY^lfiJO^IfttlBJWUT^O 

Y^iRio»ii«*iH»Sti*«k5lc«:^TU4. c©»*lcfe^T» bISisS^^ 
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01 ICRU* S9Ettfe*^*POtt» SIE0>«K. Ettft*** (5 5-) 

^tifc/t^ - E U V ft E L I*. 8IBft¥* p o IZ <fc o T 4 #0 1 

ldt'hSttTCJXAW±lzBWS*l4. 

- CT> gjg^36Poicoi\TH8*ffl^T«ty»aicaw«. cos 

8IC^$n-5cfc9lC. S»ft**POl*. l/**;URTK*3n*:EUVftE 
L**2fcE*fr*«1 ^2=7"M2> ^3=7-M3> £4 5 

7-M4©£ft-4tt©S5- <E»ft¥**) CtlbOS^-M 1 ~M4 

-M 4 ©R«*Htt#OT0JBtt** U» 2=7-M2 ©SMMIi^fflT* U . 

g 3 =^_ M 3©Rffll;mrott£fc-3TixS. SR8*®lii5tHtl;:*tUT 
Sft&fi©#J 5 O^tD 1 #6 6 Ott© 1 JUT©»I«l*#***tL RMS® 
TO. 2nm*60. 3 nmfilT©R£Lfrfcl x . £5 5-©* 
*Hi«W7XW^«t»oT, *lfilcttl/**;UR*Mi©2Wi 

o»K*ssic»ta/t^j«ccj:y Euvftiot-r^RWi^iasnTu*. 

C©ii^ BBICSStlSJ:^ KI155-M1TK««nfc*«»»2S 

7-M2lzaaT*-5J:5IC. *4 55-M4IC(4^ffiJt&tlWS. M 
|:S4$7-M4 TRtt <* ftfzftffit X A W (CH3T# 5<fc7$U7-Ml 

icii^wtenTi^. *££i**©Tfc<. 5 5-©a**ft*# 

S*ft¥3 P 0*«*nT^*Wlt*JlffiT*«fc». WfcJHHWftGBit 

IC«fc*S&©2fctf»#fcl x . tut. »«5«IBTIi. £7-M1~M4tSR 
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©a 7_##si5 o t. *<Dnm&\z&mi<ti*:7$&*+<ry h 5 2 £<D2M 

crofcto. *jtfl5JBJiia)«»*^*po-ctt. mtftmmmit (euv*) e 

LOJSHBCfcyS^-MI . M2. M3. M4i:iI^W4^.bntfe. 

t _ ^ H p y-jessicsKHSStifcas p p tomrm^m^ 

frfcftT. =^-MK M2. M3. M 4 ^S9E-SSglC^fil$tlS «fc 9 IC 

SWT. SllTO*€^»t-Si§^IC]±^T«fcy^fl t JlCBlIi2^S7-©^ai 
tffTfrtlS. »357-M3©n«»l(!157-M10aMOt- 

h/t ^y H PB% aaiosifT^^ifiiicteoTaep pwrtsffitsuxi^c 

X y\^x-v^-X6 0±lcE«Stl» »Si?±2!2*7cy-77*5 L aX- 
*6 2lci:-pTm^XAX7 L -v / <-^6 0±ICi?±3eJ#StlTl^. £03 
XAXT-vWSTIi, BliE^m^±M2 *7C'J-77f f-aX-^ 6 2 
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j^_.;;wSTIi» &mj?±gU;*7C'J-77£^aX-*6 2IC«fcoTZ^ 

co^KSt^x/N^x—^-^e o±cxY2*5c*i^ic»ya&*ti 

fcn-f* (H?«K) ICJ; o ThuIEIKS^S 2 ;*tl U -7 7 x-* 

6 2 nx*5 y . aa-r s o icct y BEa << ;nc»r«* 

^jWKBsn* »^xA*ju^ic«koTOXAWAHft»«»snTi\*. 

C©5lA7f-yWST©@ 1 ICfctt*Ytf AffeBOBBCIiaBJinitfB 
Stl, piafi«©3lfelC»-r-5R«*iii7 4aA««lSSnT^*. Hl-Ctt 
B*#£Bfc£*lT^<5#. S6lC^^nS«k^lC •>IA7f->WSTOX 

^isj-a!©«ffiict>a™i#tt£*u nraa«©*ic*rr*KMB7 4 b# 

JBfifcSftTH*. *LT. C©B*S«1 OTIS, fiIES^®7 4a, 74b 

case-Aftaw-rftTawr^^ACJi^TaRWXPoicwr**© 

C?IA7f-yW S T±B©-«8»U:ii* I/? 1 * JUR lc«HS*ifcA"*-> 

BOM-* <l\fc*>**-X5-f >ltB> «fT9fc»Ott««ttt»i:^©a 

B»W-aSSFMA»Slt&tiT^« (Bl#H). CKDffiBBSrMFMtt, & 

09 (A). (B) iz\t, £©ffiB«tr3fl»FM«)TOB. «WBB««-tn-f 
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HP£UT©*yy hS LT K S LT2^fiE^tlTtN^. Cft&O^U-y 
(sSLTK SLT2I*. C?IAXf- vW S T<D±®£B5£2tl£m£Ii$ 
<Z>$ftf§£«9» 6 3 <DS® IC JBtf £ E U V ftflE MM 6 4 IC/t * - > 

it. iaci6 6a. 6 6 b^n^n^fiJc^nr^u. cne>oian6 6 a, 6 

T±# b ^Pe^it 298 FMIZEUVftEL #Ej*t £ *l £ £ . ^'J-^SLT 
1 SLT2^SiSLfcEUV3t^3t^^K6 3IC51JSU. 

*UyhSLT1. S L T 2 ©ttMK&l*. ^^JUR±lCX^|SllC»orE 
g$n/bl/5 1 ^-/l'7^'f ^> K^"-^ RM 1 £RM4 (RM2tRM5, 

§^^JU77-<^>h<0I^lCCi. 7 'J 7 b S L T 1 . SLT2^UTU5 : 
^^J^'f^yh^-fRMI £RM4£F^B#ftHT££cfc5lC&oTU5o 

&g£tbirt5T#itv:*-rA7 o (@i omm) om&mz^TVtmtZo 

ft^ttaftlC^LTl^o 

5fflr'5 4O0U— tf^ltR I FX K RIFX2. R I FY K R I FY2 
t. ^XA^x-vWST©XY®rt©M^ttiSI"rS4 0(DU--1f=F^ltW 
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I F X 1 , W I FX 2. W I F Y 1 , WIFY2 <t££/u"Ct3tfiJt£*lTlN5o 
^ti-R I FY Hi. Uf^^f-yR ST OSS*® 4 0 alCitSflt-A 

r i fy i Mz&m-rztttiz. oommp picj&ytti*e>ft 

fcHJEgl 7 2a lC#j!St'-AR I FY 1 R£&&1U 

-e-n-?nos*t3t^33frsc<!:ic«ty. -eottatf-AR i fyi M<o&m 

^IZ, ^ft-R I FY2li, WWx-yR S T<D&mm4 0 a left 
ftltetltlS^ 7 2a t'-AR I FY2R£ 

&*tu ^n-enros^^s^r* ciic^y, -tow-at-AR i fy2 

M0$SS*MT0@J£fi7 2 alC^-r^U^^^Xx-vR STOY^lSKOffi 
_tiE 2 QOT^It R I FY1 , R I F Y 2 OtftRI fcf— A R I FY 1 M, Rl 

-CfJtJ^tW^U^^^x-vR ST£>lel£fc (CdTlia 1 £4 
CtieO^tfR I FY 1 , R I F Y 2 ©ttSBfiili, £$J©SM8 OIC 

^H-R I FXlli, ST©58*I4 0 b ICtfrlll 

t'-AR l F x 1 M£i£*hJ-£<h<»:fclc. fi^^POOglP PIcl&iJtt 
ttbtlfc®3£is! (#S3g!) 7 2 blC#^ t'-AR I FX 1 RfcS&tU -ttl-? 
ft<DKmft&&fttZ^£lZ&V. *<Dft : M t'-AR I FXIMC^flgT' 
05@gg7 2 blC^-TSU^^^^x-vR S TtDX^lRlWfflMfilg^ti-il'll" 

5. 
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mmz. ^ftR I FX 21*, ST<DB.mW4 0 blCst 

nn^nitmmm (#&st) i 2 bic^aae-AR 1 fx2r$is«u -en 

^ft<&53*ft£Sft-r<5C<!:IC«fclK *<0tt3Wt:'-AR | FX2M<D&&<aS 
T05@S^7 2 blCfctf <5L/^*JU*X-*R S T©XM©tt»tttlt*W-ai 

±IS2 0<Z)T#ltR I FX K R I F X 2 ©ItiJ t*-A R I FX 1 M, R I 
F X 2 M<DmmtiLm<D+'i>&%lW®® I A<D**fc (0 5 P 2#&D «h- 

&.?Z£z>\ZtioT^Z><. S£ot. cne>2 0(DT^ti-©itMcD¥^fii^^ 

^;i/Xx-yRs T^x^ifinis^. w&mm<Dm$:=p : £stm$m-?mz>fz 

feO^L/^fJ^f-yRSKDBgft (CCTlia 2 ch-TS) Z\ 
tie>©T#itR I F X K R I F X 2 0tt38«tt. i!«i*l8 0 ICflU&Sft 
TfcU. £$liPSi8 OTIi±iS¥^fil. &tflslf£fca2£1ltii-f5. C<Di§ 
^JH^M8 0T'li±i£<DlHj^aK a2©UW"^. Xli^tO^F 
l^fit (a 1 +o 2) /2^U5 1 ^;U^x-v ? R ST©a*lS50Hefti:LT» 

^^ftW I FY 11*. •JX/X^t— /WST©5ltI7 4 a iCitjBJ t*- AW 
I FYl M£&*hT£<h<!:*>l^ m^POWgiP PCfcyfttt&nfc 
7 6 alC#!S.t'-AW I FY 1 R£iS*tU ^tl^tlOS&t 
%Z%.%tZ>Z\ii\Z&V. -tflDltae-AW I FY 1 MO^SIMTCDBSm 
7 6 alCSftf -SOXA^T 1 — ^WSTOY*"lftoa*HftB*ttai"t4, 

TSfcitW I F Y 2 IS, £XA*x- yW S T^SS*® 7 4a iCttS'l 
t'-AWl FY2M£&IWt3<i:i:fclc. S^^POO^PPIclxyft 
l*6>tXfc@£ff! (#S8fi) 7 6 a[C#KSt'-AW I FY2R^U ^tl^ 
*l(»&mft1t&1itZ>Z.t\Z±V. *©tt-atf-AWI FY2M<Dia*H4gT 
£>SI£^7 6 alC»"r'&'>X/\^x-yWST«>Y^rfilO«»ttll*W'3B'f*. 
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±$Z2Z><D=F'#ftW I FY 1 , W I F Y 2 ©Jt/M t'-AW I FY 1 M, W I 

f y 2 M<D&miSiM<D+t>tfimvm&\ AicttjET**xA±©naitt©a* 
^sa (iai'ira) o^t-atsijcft^t^i. se^t. ctie> 

2 o©T#W©ftM©¥^te#9XA;*x- s T© Ytffiffill*. Msf 
Tl*i3 1 <k-T«6) Ctie>©T3HfWI FY!, Wl FY2©ftDliJfiI 

bubai 1 quarts. 

=F^ltW I FX 114, ^IAXf-yVVS T©££MI7 4 b icMltf 

-aw i fxi M*iftwr-5ii:t>i^ «K3t¥*po©a«ppic«iy«it 

^nfcSSSt (#BH«) 7 6 blC#S3t'-AW I FX1 R£!SM*U tn-ttl 

©jRW5tt»*-r* cilery, -tow-mi tr-Aw i fx i Mo««ttiT© 
@sm7 6 bc»f s^x/x^t— *^wsT©x^rfi©«>*fiUt*w-»-r*. 

BttlC. TSMtW I FX 214. ^I/Uf-vWST05«®7 4 b lCtfr» 

t-Aw i FX2MZ&mtztt<biz. tft»**3RPo©««p pic« y fl- 
it en>tHM (#BUH) 7 6 blC#Hat'-AW I FX 2 R*«ttU *ft€ 
tlORWJtftSJfrSCilCJiy. -tOW-atf-AWI FX2M©«*H&«T 

©@sg!7 6 bic*r-r*^xA^T— ^wsT©x^©«»M*w-ai"r*. 

±E2 0©=F»W-W I FX K W I FX 2<DltHt'-AW I FX 1 M, W I 

f x 2 M©sB**fi»© > p'C>jW!Bwai* i Aic*M&f*«*tw*s a©*.&£- 

»«J:3ICJ6i:oTlt*. «oT. £ft& 2:>©T»tt©W*«0 J l E *MI#'> 
i/\77-i?WSTOX*ftttI«. ffiW-M©«*T»W1*IBP»Tllofc'b 

©#9XA*x-vWST©l§Hgft (CCTI40 2ttZ) Ctlb 

©T#ttw i fx u w i f x 2 ©w-mi*. ±»jsp£M8 o ic&issnTfc 
y, ±%mm&& 0Ti4±fE¥«g<s. 2**ai-r*. c©i§£. 

±#J»W8 0-CI4±E©SIEft3 1 * 0 2 0lvfftjG>-tf. XI4*©¥«HI 
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(j3 1 + 0 2)/2£9X/\;*t— vWST<D0;frlSltf)ls]&ft£:UTgaJt'<5>. 
0 6lC*«*ft<5<fc?lC U— tf^sMtR IFZ1, RIFZ2. R I FZ30> 

3o^msraPST'Eg$n. sti§ppicii£<*nTO£#. 01 (&#04) 

Ctl^OU— tfT^itR I F Z 1 ~R I FZ 3^e>(Oi9iSt~Att. tfrUiS 
U 5 7 - M « ^ UTRliS© AWft e T ;URtf>/t*->®K:iS*t<*tl5S 

STtffl^B^ELOA^K^iiJ^ffi (KSIttB) <D*»fc<DZ;fr|S]0)ft8&£ 
&oTisT2J\'R<Drt*->m£&tt2nZ>&?lZtZ?T^Z (01 &#04 
#Bg). U— tf^itR IFZK RIFZ2. Rl F Z 3 li. U 
^^jUR^^-^ffil-fifSOAWfteT^to^^AWU. AS*ft<bPJ-a>ai 

tf. &nm~1 nmJUT©?fg) TU^JI'R© Z:fr A fr^tt^rf 

U-tf =Fi£ft R I FZl-R I FZ3<!:LTIi. CCTIi, *ftrtlc*0;* 
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TSNtR I FZ 1 a>&©Mfcf-A#Jftl*S*U jSP2©I1«ICU— tfT^tt 
R I FZ2*60«£t;-A#«W3*U ^P30ffillCl/- tf^itR I F 
Z3^&(03H«t;-AJ6««WSn*J:?C<t-3T^*. £P2li> 

cn^>3O0DU-1f=F^ttR I FZ 1 ~R I FZ3(Dti"Mli» SfcJSlgM 
8 0(CA^$tl-5J:9lC^-pTteiJ (01 0#8). £#J8H£g8 OTIiCtl 
b3O(0ft;MICS^tNT'M-rSJ:?ICUTfiam5?±S2^7cU-77^5 1 
3 4^UTl/f ^J^T-y R ST. Ttito-Zlsf-ZfrROZtm 

Cli. 8 OTttU— tfT^tfR I FZ1-R I F Z 3 (Dlt^fit«b_t 

*->®<onaaic£B-f<5ii£ (cttiifi&T££ggic/Jv*o) #£*siEt 

ftt#-r Aiz@^$n. -5XAWffilC»tLI4«)^|fiJ^e>^iiit'- 
AF B€l3»ff*3S3t3R1 4a<h. P)D< ^BSOS^AICHSStl. 9IA 
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z<D7 t-fix-tyv t^xits mz.\m®w-e- 2 8 3 4 0 3m±m%.uz 

ftlzMfcTZ*m&ffWi 5 . 4 4 8. 3 3 2 ^mizffi7jz2tiZ£&m!!?MW& 
Bfl$ffl§0iSK(D— gB<h-f3o C©7=J--*X-fe>-9-1 4 (14 a. 1 4 b) li 

C7XAWOX YZ 3*5c*l«a©ttfllift«tft»5ti|t3fiPOOai»P P£g'££LT 
fr3B*n*©T* &f*ft^i& POi u^;^r-v R s t £9xa*^- «>* 

wst©3 ^liiHj-w^aJWc^^. e>ti-5^giii»< . ^n^n^si* 

2 «/R ST 9 l/\7f- xW S TO 3 #ISIlC8«tf]igftfeli±< 

SIKf P PIC»y{*lt6tlfc-tti-?tlOHfi8l*#HUTIi-a€lT-3 

se>ic *niwB«Tii» s^t^mpoanMnf c si ic^$n-s>«t^ic. 

SIMIrffilSFM) C!H*U -?-<D5^«:S3tLTll^S^aLlC«tyT- 
#rtt£:&ilSl"'5L I A (Laser Interferometric Alignment ) ^3<D7 5 4 * 

ji.^m^^ifl*ji*n/i®^s^os^jt77'r^>h-b>-y-$^fflt- 
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mjniftfflw- 7-321 030 ^&$sstf cmzttjfc-r %%m&ff& 5 , 72 
i,6o 5 ^icH^anx^*. *s&mMTm3£U£fg£@xii5iiRL£ 

@i oizii. cn£Xli&mxi»WU/^ C7XAW (-5iA7f-yWST) 

ct-sxawsstL EttMfcUT©*tu (ram) 8i#rtRsn-a*s. 

**M5JB«BTI;L £M»S«8 0&tf&m#±S22;*7cU^77*3 1 ;iX-* 
3 4. 6 2lC«fct>Xi8iftgm#mfi££*lXlN£. 

# v *> a > IZ» -5 ;U^x- v RSTOW ;U*JU^ R H ICPfi^t# $ 

x/NsntaummckoT^iAw^^xA^x-yw s T±icfig£ft£. 

£©J:3fci**f*H0STIcJ:y. 01 207P- hX*$ftS->-$- 

af*^i o o> 

^inEicra^ tit o xa7 7 w > y v v - ^ <D <D?tf>mtt>Tzy- > yjiftm. t 

ft) OXAXx-vWST^i^llSt^, 77>f/>h 
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•JIAWg®lOZfiI$77'f» hft^&A LGOm&tiLmzftmtZo t 

±$J8DgS8 OTIi, -tn&0x-**fflHT. «IAtf«HB6 1 -4 4 4 2 

9^&8RtfcniCttJfcT5*@#i*SM, 7 8 0, 6 1 7#^lC^$n* 
g/Jx 2 §S&£ ?»Jffl LfcMftW^& £^T9X/\W±CD±T<D-> 3 v V®!& 
<DWLJi\mm£&lt>% (iUT. c<D77'f>>S¥;££ TEG A (x>A>*h • 
yp-/\';U • 7^;*> h)J <h#^). fcSlMi. ±®m&W 8 0 Tli. ±IE 
<Z>->3 y hl*30D^O^X/\7^-r * > hT-^OttfMfcihx-^fcflH^Cfli 
jUiftffl^- 6-275496 cnicaj£1-£*Bfti i FaiP3S 5 6 9, 

4 0 0§ (tiJ&B : 1 9 9 5^1 2M8S) H(C$7F<*tt5g/h 2 m&£*"Jffl 
Lfc&ft^ft¥;££ffi^T9XAW±<0±Ttf>->3 y hflMM>Eflira&l«5' 
->3y KD*g^£afr^M£*«>£ (ttT» C©77-<P t >h#;i* r->a 

H©arta£^ja«»"f pay icfcuT. ±is&&?gMtf iccne>ic*t£-t<5±E# 
Bitw&o c ±E*Bi#waiBiu:feit*s**afflbT*wai»©EKo-»t 

0 2) 

CCfcSICUT* 7^*>hft»J#S*7-r5<^ ±E© E G A 0»*J: *J 
3 y HBHL &<5UI*±E<D*>3'y Krt£jSEGA«>iS*J:yt>fr* 

•J -77^^nX-^ 3 4£ftLTU5^^R£i|f|EgaiU£S*:ttZ?j|n) 
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af^i o 4> 

Ltfs& 27U7 h4 4 b 2 &M) ^« U t£*-5. fclVT. 

£»Jffll^S8 0-ClifiSmj?±S!2;JC7C'J-77^^^X-^6 2, 34^1 
T^IMT^-vWST&tfl^^U^x-vR S T<D&m£$iJ© UT. 

£JUR±lC$g®£nJtl'^Jl'77'f RM 1 . RM4 > RM2 « 

RM5. RM 3, RM6**»*20B3tffl!HW*ELT!HWr*<!:t'blC. 
lsf-9J),754*y h"7-£ RM 1 , RM4, RM2, RM5, RM3, RM 
6C5IAWI±^^M. SHftMSFMO^'JyhSLTK SL 

T2**n^n^uT«a-r*ci:icj:y. uf^^^->«o9iAwi 

*;U77-f * > h<afc«>. SIBflkli-as F m *ffli\Tfl&e«IB«*t*ast-*B 
ICUL i«»»«8 0TCi, i^*;PROZtttt£J:yffiia«MH88FMT» 

hS7 ^ 7t ^14 IC^ATffiHfttt-aS F MM«SK%¥% POO 

40X1/16 = 2. 5 j*mO*7t 7 7*-AXt>* 1 
4ic«» co?*- **-t>tM 4©tfJ^Ca^lxT»S»±Sa2»5c»J- 
77<?f;iI _^ 6 2 «^Lt!)IA7f -i^W S T©Z'fiB« 7 -f - H/<f 
*W»U 3XAW£2. 5*tm«:ltttK«*»POICjfi^*. 

fct. £*08««8OTIi» 2Bttta»FMOX'J-yhSLT1$fcttS 
LT 2#75**> h#**A LG©BT^to*T*«fc5C* »tt»±S!!2* 
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R<Z)/1*->&0£X/\W®±^<D&f*M<t7^>f;*> hft¥&A LGOi 

wot. -na***-*^ toaieat/t'js-i icarr 

S. &*5. ffilB«Mta»FM©*UyhSLTK S L T 2 OTK*IH©fitlt 

75>f*>h©J£l- SBittiH»FM«)7'J-yhSLT1. SLT2£*n 
€tlft LT^aiS tlfc I/?-* ;U R ±(C#£S73fl&A/TEm£ ft£ U? 1 * )V7 
5<f/> |, 7 _^ RM 1 <hRM4 (RM2tRM5, XI*R M 3 t R M 6 ) <D 

UT771 0 6) 

cro^fyT'l 0 6lcfcUT. iH»SK8 0Ttt±E7T771 0 4©fg 

wa©a*ica^i^T» ±©eran oppm. ic 

^l/fiKfi^OBffiMRi^M (WAtfO. 2ppm) JUT<hfcoTU 
S^S^WKT*. ^bT. C^fy7l 0 6 CfelTSMBr^SSStifc 
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(777^1 0 8> 

7> K*** >tt<D&%* E U V ELi UTEOTfl?. 

"f ±$J$)gg8 0Tli±T;K««>/S:£XAW±<Z)&->3 y hfi^Wttg 

g>2;*7C , J^77*^:iX-* 6 2^l/T5l/Uf-vWST^1 ->a 
y h©£g|Mltefitg£&g&tor£<h<h<felc. B&mj?±2!2;*7cU:i77* f- 

lifiSm5?±Sl2;^U-77^^3.X-^ 3 4. 6 2^LTWMf- 

yRST «i;ur-vw s t <h<0Slglt#lS:i*ft^ p o ©SHBOTCiE 
©ii£> l/ff;Wf-VRST«RtllftM»^^-yf h©f&)±£ 



43 



WO 99/45581 



PCT/JP99/0O988 



,_ LT ^^u/t*->#9x/\W±0igSfc>'a y h^isSSIc£¥£tt£® 

■E>nfc7*-:fc*-b>-y- (14 a. 14 b) lc«fcoT9x/\wS®<!:J£§*ft^ 

POfcOBBL ¥ffg^lc-^lc^SJ:9lc^x/\^-vWST^jai$ 
ft*. ^S^*lcli^3t^POM*fi[MIC. Sfc. 77^^> 
h * lCli7 5 "f * > h A L G ®1i£ttB IZO IAWtffiO Z fig B &B 

r o/t* - >b toBBtfttc-fccfcfcti* «t o ic. mm#±s 2 &7C 

U iJT^fal-^ 3 4 £$Jffll UT ;U R P 0<T>%WHfo 

(Ztffc) ottBSBBL"^ Uf^Wf-yRSTtl^r-yWS 
T^*Ytt^l»llC»oT|S|M»»3*«. £W»BB8 0Ttt, U 

3^;U*x- yR ST tOlA^T-vW ST t©BB»ttei-» \s**)V7. 
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jvmm&mu-ttm* ifzi, r i fz2. ri FZ3©*£<<i:*>i 
? ic«fc o Ttt-a ^ njt» i ©nayBttBUHBatf * 2 onunumoAo 

fclfctfja] ic »i6r WHfi«fll«*ffl 1 vc \y^<P fr7Jr-V R s T © Z 

^BBaKEffll/-1fT*«-R IFZI. RIFZ2. RI FZ3©'>fc<£t>2 
o£^Tl^*JUR©(i££19^5«fc?ICUTfcm\> U7^-f 
A«IE-eiifc<. ^4«>l/^^JURO±Ta*tH«L/Tfetf. *©«■««<!: =F£ 

S, t> **ft$Si;:J:ft&. ^gS3tC«fcU^^^R©/^->©±iS 
#*x/\w±K:KME«tu £0*Mffltt«««l=«i^*** R «> 

^ f Hj> h U y *TfcSICt>a^*>bt\ ©l/f-^UR©** 
^fl«ttlcfiHUT^x/\w±©/t^->©C¥«K:«*Wi^tt*-fn«<^ 

r*©*»»«fc»«r*;:*#T*. *»ttu:«to*fet««©rt±*B* 

CitfTOiifcS. i,**j|,ay-$>RST#Y|»C»oT-Hifr&ft 

^RroztfflCflfcBSEfa&^aWBH (*x-*©»IM#tt) 
Sfc*i§ST£>oT*K *©»»«tt*;:£ft<. «W*£l'**'l'R0Z 
ttlMtt*l75 C £#T* » l^*^ R © Z^ftSttlCfiH UT^x/\W±© 

/ t^->©K^«fcice«^tta^*i«'^*®* J:y ** wlc * p * , ' r5:: 

HHft¥Sfc (M, 4 4) j^e^JHWSlc^yi/^^ROt^B^tfflBW* 
E Ltf»©fr&B*tsnS£. u^jURfr&»««tifc«Jt)BHW**«SB 
*«POCJ:5T^iAW±l:a«Stl. B*fflBW*ELTHWStlfcl/ 
^*jUR±©ffi«©/**->a | $x/\w±ciE«n*. c©U^*JUa**- 
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>©R*»ICtt. «Mtt (8 0. 3 4. 6 2) «()»X¥XPOOS»fi* 

ft^&A LG«JS^T')lAW±077'f»h7-^*l>lliL C<D7-£ 

&ajggicg^uT9xA<D<**8m£*«>, *mc£ U^*JU R $ Z^IpJ 

gBiIgJ±£II3gf £C chicly. ^3i£tl£. 

£Rg&ffrI!)tSFM£flHV XU7hSLTK SLT2 (-MOmW*-*) 
&1t\u,XU3-9fo77'4 hT— * RM 1 ~RM 6 0ffilfflflfc*fcilnr*C£ 
CfcU, »E7'JyhSLTK SLT2tU^^->«©Ol/UT 

hXU^hSLTI (XliSLT2) *77W^>h3t¥*ALG*ffll\T* 
« 8 0 lC«k y ©*XA*T~ y±Ol^-f SLT1, S L T 2 <t l^*;U 

R03/^- 9 xa*x- yW S T iMOS^filtCfflWtlSii. & 
tf®$XA*x-vWST±a>S'£T-*SLT1 (XliSLT2) <h75>T 

«ky» gmwicu^^^R©/t^->#coC7XA^x-vwsT±^(os^<a 
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*?t» *mtBteiz&*t* m*m d 2. m. 44) i*. wel^l 

UTUffcOKW^*?" (M1-M4) 0*#&fc4E»Jfc¥3fc#flH*&tlT 
l\*fc«>. E U V**mvCl/^*;U/t*->#«a**» P 

->©aa*ftC¥OTa-c»*. 

i^I/\^x-yW S T ^©fiKft** POCatS X YiErta>«*Hafi£W- 
3D )V R 0>&a%5£X P O izfctf & Z ^fioattttBtfl'— If =F2MH" 

/>hV-^CHM*EL*HWr*a2^Uy h4 4 bt^U BW*E 
L C»L» 1 ^ 'J y M 4 a 2 7 'J y h 4 4 b t « « y « A«BWIi4 
6 Mftl* 6*1X1** B-07U*y h«4 4 C«fcyBttB*&tf77-f 

>:/haMn€ncaWfcBWa«©aje#TOC£*. 

^ijy h«4 4(D^Oli^lClt^T«3B^3t^*^U7 c ^^RI-lR)^oT!iS ! t 
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T±|Z, Sbtfg£!8!lfl6 3<»:. CCDgHlCgftffl&WftE LCDS 
^16 4<7)-3IKlCj;U^fi£$n^U'y KSLT1, SLT2t. &*'Jyh 
S LT 1 , S LT2£ttUTSSftffl«3WttE L«t»*5B^««6 3 IZiHaUfc 

n\z%L%&!£®n 6 3 &&Tz>ft£ftnm&t z>K i m&&m=? p m m? s 

^mmmmTit. uf^^R©/^-^ EuvftEL<DE*Ng± 
fc» ±E««*«©»»*aac:atRr« cilery. ±cob*«hw*© 

5^<hi»«R^S<t:^=F^H-R I FZOilJgt'-A (W*.tfpra«i*0Jft) C 
fggT [/f-9 ;U R CD Z H^GHMfctHW* C <t#nlfig<!:fc5. 

Wtt#H E L ^RffltttOJB ICfc S «fc 5 Cast £ tlT Utt tf U5^JU R il 
TtOX'J y h«4 4li!&1 e LfcKttSs&£tt£t*. 

*<DRM 7~RM 1 2 05filglCLT i b^O. J&>#*»£ICIi, *'JyMR4 4 
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R M 1 2©£T©<aaiCJBfi!cU Cftb±T£?i]fflUTt>&^o 

Jl R ©&f*ft^i& P O ©ftfA:*flSEii]IC<fc 'J USTf £te3^Hga#. U 
?-^;U®ltiilJfflU— »f=F^lfR I FZ. &fu?±2i2;*7c'J=77*5^x- 

•5. d©0 1 91 1 li£a«T«*©aWlc:ii2affl©1li 

®&£i:icSfcfc£Jiigic«fc ueu vfticm-&sa*a#?Bfi££*iTO£. c 

rasnxu*. crisis 9ii. wxtf. an s^-m 1 <D&mw<Dm 
mm<D-&&& ufc u » ?i y -r<5S8i)*iij£<ii*.fc&tisic«fc ^ -ctua-f s ^ 

li. i^*;i,R<b9x/\w<h£E8i£l&bT. u?-*JUR©/t*->£&S2ft 

^PO£ttLT9X/\W±K:fi3rf 5lC$fcl[c>T. 5 9 & 

i*ft^fcPO©ft^14£^§-r6. ^UT. l^*;U/t*->©£X/\W^ 
©KWctt. ttE©*¥»tt©a»ICfiHUTifci;*. S****PO©-f 
/_i;;7.<-j|,KrtT©. /t^->«©lfi»fI«©->7 *«k5C. 

i^* ;u r £ *x/\ w tnmmtb* cfcits/t* - >*©«*»»«<»: 9 x/\ 

<i:©ttaH«*Hfi"rtitffiu. c©ftgH&©PMIi* ±E£»JBfii<!:E« 

ic. 3t^«tt©aaac. ^-^7-f>M-a*fToT«»*«po©-f>- 
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3t * IC ^KDSKtfRttrtfc £ C «fc y ±* LT L * o fcft , *<o is?-* 

*»W#cnicRje2EtiSC£ttfc<. R 
%VLmt7 5 4 * > h t'-A0Sma§«!:^S^^0T»nii. TTL 
(Through The Lens) TTR (Through The Reticle) 7j£fS<D*>7 
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-2<DftMt. 77**>h#^&ALGE«fc3S*T-*0ttB£**Elft 

da (sn«n-a> 75**>h***ALGCJ:*»*T-*0it*« 
Httif-as f MaiEo ztt«A««asn* J: ^ fflH«n-a» f moss* 

«B*>B«H&T*<5<!:}lt3»3ft*. fit^T. in*h#*x/\2 0 

tk-c*«t-rni««ioi «i"c*«>/tf x/\o»*«i. 2-2 oftsoo 

ftB0£XA#»fl (fljUiBttfi) IwWUTI 0 p pm»tfTl*fc*£. 
2tklUBtt«MC»^T» (10±0. 5) ppmlDiitimSC^g 

i±^e>to*^TU5. ittB©*xAG>Bft«ci/?-** 

R£4 0<imlftK*¥3BPOfr6a^tfc»tt. 2*BU»©9XA<DB*© 

icfcy 1 ox *©«»#£&££ i/t *>■*©«»** 2. 5nmig©«iT^ 
r**B«Jii^i:ic3a:4. j&»a»**iBcs*Tfc3nfct>©#. ;*©f&2 

©UttJBteT**. 
<£2©&ffi£JB» 
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ac. EGAHicfcy •5i/\77'f^>Km\ ;^t'^2 0 2 ic^tN 

T. ±iE© E G AH©7^<f * > ht1"M«*£«^TU^*W*->*<D 
fr<DXTvZf2 0 4Tli. ±migft8 0 T(iSlft*t&<D£X/\W#P v h 

x*y72 o 8icii*. uatniaufcfti osas««o^xy^i o 6-*i o 2 
-1 oAtrnmizux, («a.tfo. 2pp 

m) lUT£&<5t:T. ££iJ3PgB8 0Tli7f'^2 1 0-2 0 2->2 0 4- 
2 0 8-»2 1 O03JU-^ICT. U^JUR© ZlBlk ^-X7>f >ftmRXfi& 

K«$ita. s^^toigsaa^^fFS^^oitKi^^ust-o tot. 

2^7*^1 0 8<hPH§i::. £«9Slt8 0TI47f-;^7>H7*t> 
^SC©»3t*EUV3tft«3tfflHM5tELi:LTfflUTfilV 1 tt<D9X/\W 



52 



WO 99/45581 



PCT/JP99/00988 



0 4|Cfcl*£$J»r#S£S*l£<0"e. Xxyl/2 0 6Cii3K ^-X^-Ott 
3M£irfcfc-f. £®Jffll£S8 OTIi&»0l'^Jl'R0ZS&I!lfi<t2XAW± 
Troi/f^^^->tfl5->7 hfiiKDM^^^ftt^SfcF, F = 

12. 5 nm-r 1 nm = 1 2. 5 X 1 0 -3 fcfflUT^-*^ >m<D&Wl% 

4>mzmjEt%* Ttzt}**-*?* >mzm$itz, 

fc*T-*7l OStWimz. ^]99SI8 0-CI^^V^7>K7.+^>^ 
<&Sft£ E U Vft£2iftfflSBWft E L £ UTffllMTm^ 1 «t<Z>9XAW|C*t 

t5-a©i!iiig^g7t5. 

lU±UiWL,yt*m2<Dlia5B«ilCcfc^«!:» hfcaSiUfl^XAicai/T 
ft?T> im<7>*ICT*af*te^tf>gSIC#? l/^^;U/t^->^O^XAj:'s 
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■r & t> *> . 2 <DnteBmT&m -r <s tm c: «fc 5 ^- x 5 >r ymomiEt^ 

T^W-R I FZ. 7 0SI«*SB*ttCttyf ! mTE»W«S»U fg 

ftgBlCjlfflSn/£iI6CO^TKWLfc#. *56Wli. -7**ffl##^Hr 
^_>flK0S«±Tfl!)S»tllB*«-rn*B3tSlfiT«ntf. £22L &±&% 
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itattta-r * <k £ c. *® $xA©B**tt*o*a*-*«>H-att* ffl 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Technical field this invention relates to an aligner and the exposure method, the manufacture method of 
an aligner, a device, and its manufacture method, and relates to the manufacture method of a device and 
device using the aligner and the exposure method which are used in more detail in case circuit devices, 
such as a semiconductor device and a liquid crystal display element, are manufactured at a lithography 
process, the manufacture method of the aforementioned aligner, the aforementioned aligner, and the 
exposure method. 

Background technology Mass-production manufacture of the circuit devices (D-RAM which is 64M 
(megger) bit) whose minimum line widths are about 0.3-0.35 micrometers is carried out in the 
manufacture site of a semiconductor device now using the reduction projection aligner which made 
lighting light i line of a mercury lamp with a wavelength of 365nm, and the so-called stepper. 
Simultaneously, it had the degree of integration of 256M bit and a 1G (G) bit D-RAM class, and 
introduction of the aligner for a minimum line width carrying out mass-production manufacture of the 
circuit device of the next generation 0.25 micrometers or less has started. 

As an aligner for circuit device manufacture of the next generation, ultraviolet pulse laser light with a 
wavelength [ from a KrF excimer laser ] of 248nm, Or ultraviolet pulse laser light with a wavelength 
[ from an ArF excimer laser ] of 193nm is made into lighting light. By scanning relatively the mask or 
reticle (it being hereafter named the "reticle" generically) by which the circuit pattern was drawn, and 
the 1 -dimensional wafer as an induction substrate to the projection visual field of a reduction projection 
optical system Development of the scanned type aligner of the step and scanning method which repeat 
scanning exposure operation which imprints the whole circuit pattern of a reticle in one shot field on a 
wafer, and stepping operation between shots is performed. 

By the way, the degree of integration of a semiconductor device was integrated further highly in the 
future, it was correct to have shifted to 4G bit from 1G bit, the device rule in that case became about 0. 1 
micrometers, i.e., 100 nmL/S, and the technical problem technical for corresponding to this has 
accumulated by the aligner using ultraviolet pulse laser light with an above-mentioned wavelength of 
193nm as a lighting light. Generally the resolution of the aligner showing a device rule (practical use 
minimum line width) is expressed with the following formula (1) using numerical -aperture N.A. of the 
exposure wavelength lambda and a projection optical system. 
(Resolution) = k-lambda / N.A (1) 

Here, k is one or less positive constant called cay factor, and changes with properties of the resist used 
etc. 

In order to make resolution high so that clearly from the above-mentioned formula (1) Since it is very 
effective to make wavelength lambda small, it is recently the light (on these specifications) of a soft X 
ray field with a wavelength of 5-1 5nm. this light -- "EUV (Extreme Ultraviolet) light" - calling -- 
development of the EUV aligner used as an exposure light has come to be started, and it is observed one 
after another as a strong candidate of a generation's aligner this EUV aligner of whose is lOOnm of 
minimum line widths 
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In an EUV aligner, generally lighting light is irradiated from across at this reflected type reticle using a 
reflected type reticle, and the pattern in the lighting field irradiated with the lighting light on a reticle is 
imprinted on a wafer by projecting the reflected light from the reticle side on a wafer through a 
projection optical system. Moreover, in this EUV aligner, a ring-like lighting field is set up on a reticle 
and the scanning exposure method which imprints the whole surface of the pattern on a reticle serially 
on a wafer through a projection optical system is adopted by carrying out the relative scan of a reticle 
and the wafer to a projection optical system. 

Since the matter which penetrates light efficiently without absorption does not exist in the wavelength 
(5-1 5nm) of the light used for an EUV aligner and this is difficult to create a beam splitter that there is 
no other way but to reflected type use it, the lighting light to a reticle is because it must irradiate from 
across inevitably. 

For this reason, a reticle side becomes a non-calling cent rucksack and the variation rate of the reticle of 
a direction which meets an optical axis appears as position change in scale-factor change and the 
direction of a short hand on a wafer at the longitudinal direction of a ring-like exposure field (field on 
the wafer corresponding to the aforementioned ring-like lighting field on a reticle). 
A concrete numeric value is mentioned and explained. The projection optical system of resolution 100 
nmL/S shall be designed as an exposure light using EUV light with a wavelength of 13nm. 
The above-mentioned formula (1) formula can deform like the following formula (2). 
N.A =k-lambda/(resolution) .... (2) 

k= 0.8, then (2) formulas show now that N.A. required in order to obtain resolution 100 nmL/S is 
N.A =0. 104**0. 1 temporarily. Of course, this N.A. is a value by the side of a wafer, and differs from it 
by the side of a reticle. 

If the projection scale factor of a projection optical system is set to 4:1 generally used by the 
conventional far-ultraviolet-rays aligner (DUV aligner) using i line, g line, a ** KrF excimer laser, or an 
ArF excimer laser as an exposure light here and N.A. will become 0. 1 by the wafer side, a reticle side 
will be 0.025 of the quadrant. The lighting light with which this is irradiated by the reticle means having 
the breadth of angle abbreviation* *25mrad to a chief ray. Therefore, if an incident light and the reflected 
light are piles mutually, in order to make it there be nothing, also at the lowest, an incident angle must 
be 25 or more mrads. 

. For example, in drawing 17 , strike slip epsilon of the circuit pattern drawn on the reticle R to 
displacement (suitably henceforth "variation rate of Z direction of reticle") deltaZ of the Z direction of 
50mrad(s), then the pattern side of Reticle R in the incident angle theta (= outgoing radiation angle 
theta) is expressed with the following formula (3). 
Epsilon=deltaZ-tantheta .... (3) 

This formula (3) shows that the strike slip of the image in a reticle pattern side is set to about 50nm, and 
the 12.5nm image shift of the quadrant arises on a wafer when Reticle R displaces 1 micrometer in the 
vertical direction (Z direction) of drawing 17 , for example. The overlay error (superposition error) 
which a device rule can permit in the semiconductor process of 100 nmL/S is said to be 30nm or less, 
and it can be said that it is very severe that a no less than 12.5nm overlay error arises only in the 
variation rate of the Z direction of a reticle. That is, an overlay error is because about lOnm may arise, 
respectively by positioning accuracy of a wafer stage, distortion of a projection optical system, etc. 
including other factors, and the alignment precision (alignment precision) and the so-called stepping 
precision of a reticle and a wafer. 

Since the matter which penetrates light efficiently without absorption does not exist in the wavelength 
(5-1 5nm) of the light used for an EUV aligner as stated also in advance, a projection optical system has 
no choice but to all use [ which is constituted by only several mirrors (reflected light study element) ]. 
For this reason, the troublesome problem that control of a projection scale factor becomes difficult 
arises. 

Namely, although the technique of changing the atmospheric pressure of the sealing room prepared 
between change and ** lenses of ** lens interval for control of a projection scale factor is generally 
adopted in the far-ultraviolet-rays aligner (DUV aligner) which uses the conventional KrF excimer laser 
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etc. as the light source Since it is not actually easy to change a mirror interval and the curvature of a 
mirror as well as a lens interval, and to control a projection scale factor and EUV light is absorbed by 
the gas, It is because the whole of the optical path must be made into a vacuum and technique of the 
atmospheric pressure change inside a projection optical system cannot be adopted. 
One of the leading alternative as the control method of the projection scale factor in an EUV aligner is 
the technique of the variation rate of the reticle of a direction which meets the optical axis mentioned 
above making the variation rate of using the phenomenon of appearing as scale-factor change, i.e., the 
reticle, carry out in the direction of an optical axis of a projection optical system to the longitudinal 
direction of the exposure field on a ring intentionally on a wafer, and controlling a projection scale 
factor. 

For example, in the example of drawing 17 mentioned above, since the inclinations of the flux of light 
by the side of a reticle were 50mrad(s), supposing the radius of the ring field (ring-like lighting field) 
was 200mm for example, in the reticle side, when 1 micrometer of reticles R keeps away from a 
projection optical system, the radius of the ring field is set to (200mm+50nm). That is, the reticle image 
(pattern image) projected on the wafer is expanded by /(50xl0-9) (200x10-3) =0.25x10-6= 0,25 ppm. If 
Reticle R approaches a projection optical system, it will reduce conversely. 

However, comparing a wafer with the original size, and expanding or reducing it by 10 ppm or more by 
passing through the process of many layers, is known. In order to perform 10 ppm scale-factor control, 
you have to make a Z direction go up and down 10/0.25x1= 40 micrometers of reticles R in the upper 
example. However, when all that matters controls 10 ppm of projection scale factors by vertical 
movement of a 40-micrometer reticle, the variation rate of a reticle is 10 ppm not only expands and 
contracts in a longitudinal direction (non-scanning direction), but that the reticle image projected on a 
ring-like exposure field on a wafer appears in the direction of a short hand (scanning direction) as 
position change of 40x12. 5=500nm, i.e., a strike slip, (image shift). In lithography with a line breadth of 
lOOnm, since about 1 of line breadth / 3 or 30nm are called for as total overlay, no less than 500nm of 
images is never allowed to shift by scale-factor control. 

such a situation - a reticles side, such as an EUV aligner, a non-calling cent -- if it is in the aligner 
which adopts rucksack optical system, now, development of the new technology in which the overlay 
error accompanying change of a projection scale factor can be reduced certainly serves as pressing need 
this invention was made under this situation and the 1st purpose is in offering prevention or the aligner 
which can fully be suppressed about degradation of the superposition precision resulting from 
adjustment (or change) of an optical property including the image formation properties (scale factor etc.) 
of a projection optical system. 

Moreover, the 2nd purpose of this invention is about degradation of the superposition precision resulting 
from adjustment (or change) of an optical property including the image formation properties (scale 
factor etc.) of a projection optical system to offer prevention or the exposure method which can fully be 
suppressed. 

Indication of invention this invention is an aligner which imprints the pattern of a mask (R) on a 
substrate (W), considering the 1st viewpoint. Scale-factor change equipment which changes the 
projection scale factor of the projection optical system (PO) which projects the aforementioned lighting 
light for exposure by which outgoing radiation was carried out to the aforementioned mask from the 
illumination system (12M, 44) which irradiates the lighting light for exposure (EL), and the; 
aforementioned mask on the aforementioned substrate, and the; aforementioned projection optical 
system (it RIFZ(s)) The imprint of a up to [ the aforementioned substrate of the mark detection system 
(ALG) which detects the mark which exists on 34, 80, the substrate stage (WST) holding the; 
aforementioned substrate, and the; aforementioned substrate stage, and the; aforementioned mask 
pattern ] is faced. When a scale factor is changed by the aforementioned scale-factor change equipment, 
it is the 1st aligner equipped with an amendment compensator for a projection position gap of the 
aforementioned mask pattern using the amount of base lines of the aforementioned mark detection 
system corresponding to after the scale-factor change. 

Here, it includes with "the mark which exists on a substrate stage", not only the mark of the reference 
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mark formed on the substrate stage itself but the body laid on the substrate stage, for example, the mark 
formed on the substrate. In this specification, the term "the mark which exists on a substrate stage" is 
used. 

Moreover, with the "amount of base lines" of a mark detection system, it has the same meaning with 
usual, and specifically, it is the information about the relative-position relation between the detection 
center of a mark detection system, and the projection position to the substrate stage top of the pattern of 
a mask, for example, is used for the position control of a substrate stage (substrate). In this specification, 
the term "the amount of base lines" is used in such a meaning. 

According to the 1st aligner concerning this invention, if the lighting light for exposure is irradiated by 
the illumination system to a mask, it will be projected on the lighting light for exposure by which 
outgoing radiation was carried out from the mask by the projection optical system on a substrate, and the 
pattern of the field on the mask illuminated with the lighting light for exposure will be imprinted on a 
substrate. When the projection scale factor of a projection optical system is changed by scale-factor 
change equipment on the occasion of the imprint of this mask pattern, in a compensator, a projection 
position gap of a mask pattern is amended using the amount of base lines of the mark detection system 
corresponding to after the scale-factor change. Therefore, it becomes possible about degradation of the 
superposition precision accompanying change of a projection scale factor prevention or to fully 
suppress. 

In the 1st aligner concerning this invention, at least one reference mark containing a specific reference 
mark is formed on the aforementioned substrate stage (WST). It has further the position detection 
system (FM) which detects the relative-position relation between the aforementioned specific reference 
mark and the projection position to the aforementioned substrate stage top of the pattern image of the 
aforementioned mask, the aforementioned compensator It is based on the result which detected the 
aforementioned relative-position relation using the aforementioned position detection system, and the 
result to which the relation between the aforementioned specific reference mark on the aforementioned 
substrate stage and this reference mark detected known one side of a different reference mark using the 
aforementioned mark detection system. Suppose that it has the control unit (80) which calculates the 
aforementioned amount of base lines corresponding to after the aforementioned scale-factor change. 
When the projection scale factor of a projection optical system is changed by scale-factor change 
equipment on the occasion of the imprint of a mask pattern in this case, in the control unit which 
constitutes a compensator The result which detected the relative-position relation between the specific 
reference mark on a substrate stage, and the projection position to the substrate stage top of the pattern 
image of a mask using the position detection system, It is based on the result which detected a different 
reference mark (the physical relationship with a specific reference mark is known) from the specific 
reference mark on a substrate stage, or this using the mark detection system. The projection position to 
the substrate stage top of the amount of base lines of the mark detection system corresponding to after 
scale-factor change, i.e., the pattern image of a mask, and the physical relationship based on [ of a mark 
detection system ] detection are searched for. That is, in a compensator, after scale-factor change, the 
amount of base lines is actually measured and a position gap of the projection position to the substrate 
top of the pattern image of the mask accompanying change of a projection scale factor is amended using 
the measurement result. Therefore, it becomes possible about degradation of the superposition precision 
accompanying change of a projection scale factor prevention or to fully suppress. 
When actually measuring the amount of base lines after change of a projection scale factor, it is 
desirable as mentioned above in having further the adjusting device adjust the position of the 
aforementioned optical-axis direction of the aforementioned substrate stage so that it may be located in 
the aforementioned mark to the focal position of the aforementioned mark-detection system based on the 
detection result of the aforementioned focal detection system in the case of detection of the mark which 
the aforementioned mark-detection system (ALG) has a focal detection system, and exists on the 
aforementioned substrate stage by the aforementioned mark-detection system. In this case, in case a 
different reference mark (the physical relationship with a specific reference mark is known) from the 
specific reference mark on a substrate stage or this is detected on the occasion of measurement of the 
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amount of base lines using a mark detection system, an adjusting device can adjust the position of a 
substrate stage and the aforementioned reference mark can be detected so that the reference mark for 
[ aforementioned ] detection may be located in the focal position of a mark detection system based on 
the detection result of a focal detection system. Therefore, the position control of a substrate highly 
precise as a result becomes possible by locating a substrate in the focal position of a mark detection 
system like the above, and detecting the alignment mark on a substrate by the mark detection system in 
the case of alignment measurement of the substrate before exposure. 

In the 1st aligner concerning this invention, at least one reference mark containing a specific reference 

mark is formed on the aforementioned substrate stage (WST). It has further the position detection 

system (FM) which detects the relative-position relation between the aforementioned specific reference 

mark and the projection position to the aforementioned substrate stage top of the pattern image of the 

aforementioned mask, the aforementioned compensator The detection result of the aforementioned 

position detection system, The storage which memorizes beforehand the amount of base lines of the 

aforementioned mark detection system computed based on the result to which the relation between the 

aforementioned specific reference mark on the aforementioned substrate stage and this reference mark 

detected known one side of a different reference mark using the aforementioned mark detection system 

(ALG) (81), Suppose the aforementioned amount of base lines memorized by the aforementioned i 

storage according to the scale factor by which a change was made [ aforementioned ] that it has j 

amendment calculation equipment (80) by calculation. In this case, the amount of base lines computed 

based on the result to which the relation between the specific reference mark on a substrate stage and 

this reference mark detected known one side of a different reference mark to storage using the detection 

result of a position detection system and the mark detection system is memorized beforehand. And when 

the projection scale factor of a projection optical system is changed by scale-factor change equipment on 

the occasion of the imprint of a mask pattern, with the calculation equipment which constitutes a 

compensator, the amount of base lines memorized in storage according to the scale factor changed by 

scale-factor change equipment is amended by calculation. Amendment of this amount of base lines is 

performed based on the relation between the controlled variable of for example, scale-factor change 

equipment, and the amount of position gaps of the mask pattern image on a substrate, thus, a position 

gap of the projection position to the substrate top of the pattern image of the mask accompanying [ only 

at according to this invention, performing actual base-line measurement beforehand and memorizing the 

result to storage / in the time of scale-factor change ] change of a projection scale factor only by 

calculation -- an amendment -- things become possible Therefore, degradation of the superposition 

precision accompanying change of a projection scale factor can be prevented, or it can fully suppress, 

and, moreover, improvement in a throughput is attained. 

In the 1st aligner concerning this invention, when a projection scale factor is changed by scale-factor 
change equipment the amount of base lines beforehand calculated by calculation when the amount of 
base lines of a mark detection system was actually measured — calculation — an amendment - by any 
[ in the case of calculating the amount of base lines corresponding to after projection scale-factor change 
by things ] case When the aforementioned lighting light for exposure (EL) is the light of a soft X ray 
field The aforementioned position detection system is prepared on the aforementioned substrate stage 
(WST). The fluorescence generating matter (63), Opening which serves as the aforementioned specific 
reference mark formed in this front face of the thin film which consists of either the reflecting layer (64) 
of the aforementioned lighting light for exposure, or an absorption layer (SLT1, SLT2), When the 
aforementioned lighting light for exposure reaches the aforementioned fluorescence generating matter 
through the aforementioned opening, it is desirable that it is the space image measuring instrument (FM) 
which has the optoelectric transducer (PM) which carries out photo electric translation of the light which 
the aforementioned fluorescence generating matter emits. In this case, as mentioned above, the matter 
which usually penetrates the light of a soft X ray field exists, although there is, when using this light as a 
lighting light for exposure, it uses the lighting light for exposure by the position detection system, i.e., a 
space image measuring instrument, and the space image measurement of it is attained. [ no ] Therefore, 
the relative-position relation between the specific reference mark on a substrate stage (the above- 
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mentioned opening) and the projection position to the substrate stage top of the pattern image of a mask 
is easily detectable using this position detection system. 

Although various the change methods of a projection scale factor are considered, the equipment which 
drives the aforementioned mask in the direction of an optical axis of the aforementioned projection 
optical system can constitute the aforementioned scale-factor change equipment from the 1st aligner 
concerning this invention, for example, a body side side (mask side) - a non-calling cent, of course, in 
being a rucksack projection optical system Even if it is the projection optical system of a both-sides tele 
cent rucksack, since manufacture of the optical system of a tele cent rucksack is actually difficult 
completely (in each image quantity within a projection visual field), Anyway, since a projection scale 
factor (or distortion) will change even if projection optical systems are any of dioptric system, cata- 
dioptric system, or catoptric system if a mask is driven in the direction of an optical axis of the 
aforementioned projection optical system, a projection scale factor can be easily changed by using this. 
In the 1st aligner concerning this invention, when the aforementioned projection optical system is the 
optical system containing a reflected light study element, let the aforementioned scale-factor change 
equipment be optical property change equipment which changes the optical property of the 
aforementioned projection optical system. In this case, although the aforementioned optical property 
change equipment may be equipment which changes the interval of two or more reflected light study 
elements, it may change the curvature of the aforementioned reflected light study element, for example. 
In the 1st aligner concerning this invention, the aforementioned projection optical system (PO) The 
mask stage which is the optical system containing a reflected light study element, and holds the 
aforementioned mask (RST), When it has further the driving gear (80, 34, 62) which carries out the 
synchronized drive of this mask stage and the aforementioned substrate stage (WST) in the 1st direction 
which intersects perpendicularly in the direction of an optical axis of the aforementioned projection 
optical system Let the aforementioned scale-factor change equipment (34 RIFZ, 80) be equipment which 
changes the scale factor of the 2nd direction which drives the aforementioned mask in the direction of an 
optical axis of the aforementioned projection optical system through the aforementioned mask stage, and 
intersects perpendicularly in the direction of an optical axis and the 1st direction of the above of the 
aforementioned projection optical system. 

If the lighting light for exposure is irradiated by the illumination system to a mask in this case, it will be 
projected on the lighting light for exposure by which outgoing radiation was carried out from the mask 
by the projection optical system on a substrate, and the pattern of the field on the mask illuminated with 
the lighting light for exposure will be imprinted on a substrate. On the occasion of this mask pattern 
imprint, the synchronized drive of a mask stage and the substrate stage is carried out in the 1st direction 
which intersects perpendicularly in the direction of an optical axis of a projection optical system with a 
driving gear. Thereby, the whole surface of the pattern of a mask is imprinted by scanning exposure on a 
substrate. Moreover, since it is equipment which changes the scale factor of the 2nd direction where 
scale-factor change equipment drives a mask stage in the direction of an optical axis of a projection 
optical system, and intersects perpendicularly in the direction of an optical axis of a projection optical 
system, and the 1st direction, while control of a projection scale factor is easily possible about the 2nd 
direction, the scale-factor adjustment about the 1st direction (scanning direction) is easily realizable with 
control of a synchronous-speed ratio. Moreover, a compensator can amend a position gap of the 
projection position to the substrate top of the pattern image of the mask accompanying change of a 
projection scale factor. Therefore, degradation of the superposition precision accompanying change of a 
projection scale factor can be prevented, or it can fully suppress, and, moreover, scale-factor control is 
easy. In this case, although especially the aforementioned lighting light for exposure is not limited, you 
may be the light of a vacuum-ultraviolet region, for example. Or the aforementioned projection optical 
system may be catoptric system which consists only of a reflected light study element, and the 
aforementioned mask may be a reflected type mask. 

When using the combination of the catoptric system which consists only of a reflected light study 
element like the above, and a reflected type mask, the aforementioned lighting light for exposure may be 
the light of a soft X ray field. 
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The focal position detection system which detects the position of the direction of an optical axis of the 
aforementioned projection optical system of the substrate (W) on the aforementioned substrate stage 
(WST) in the 1st aligner concerning this invention (14a, 14b), The offset corresponding to the amount of 
drives of the aforementioned optical-axis direction of the aforementioned mask by the aforementioned 
scale-factor change equipment can be given to the aforementioned focal detection system, and it can 
have further the stage control unit which carries out feedback control of the position of the direction of 
an optical axis of the aforementioned substrate stage based on the detection result of this focal position 
detection system. In this case, the position of the direction of an optical axis of the substrate at the time 
of the imprint of a mask pattern is applied to the ability to set up at the focal position of a projection 
optical system with a stage control unit. On the aforementioned substrate stage (WST), at least one 
reference mark containing a specific reference mark is formed especially. In having further the position 
detection system which detects the relative-position relation between the aforementioned specific 
reference mark and the projection position to the aforementioned substrate stage top of the pattern image 
of the aforementioned mask In case a position transducer detects the relative-position relation between a 
specific reference mark and the projection position to the substrate stage top of the pattern image of a 
mask for detection of the amount of base lines Since a specific reference mark can be set as the focal 
position of a projection optical system, highly precise detection in the state where there is no focal gap is 
attained, and accuracy can be asked more for the amount of base lines as a result. 
In the 1st aligner concerning this invention, the scale-factor change by scale-factor change equipment 
For example, although you may carry out based on the target scale factor given for the purpose of 
amendment of heat deformation of a mask etc. The imprint to the aforementioned substrate (W) of the 
pattern of the aforementioned mask (R) is preceded. In having further detection equipment (80) which 
detects two or more alignment marks on the aforementioned substrate using the aforementioned mark 
detection system (ALG) Based on the position detection result of two or more alignment marks by the 
aforementioned detection equipment, you may be made to make a change of the scale factor by the 
aforementioned scale-factor change equipment (34 RIFZ, 80). Since the scale-factor change with an 
actual substrate is called for based on the detection result of an alignment mark in this case and a 
projection scale factor is changed into it by scale-factor change equipment according to the scale-factor 
change, superposition precision improves. 

In the 1st aligner concerning this invention, the aforementioned mask side of the aforementioned 
projection optical system may be a non-calling cent rucksack. 

this invention is an aligner which repeats and imprints the pattern of a mask (R) on a substrate (W), 
considering the 2nd viewpoint, the illumination system (12 and M --) which irradiates the lighting light 
for exposure (EL) at the aforementioned mask The aforementioned lighting light for exposure by which 
outgoing radiation was carried out to 44) from the; aforementioned mask The projection optical system 
and the; aforementioned substrate which are projected on the aforementioned substrate The substrate 
stage to hold The mark which exists on (WST) and the; aforementioned substrate stage The mark 
detection system to detect (ALG) and; When the judgment result of the judgment equipment which 
judges the existence of the need for renewal of the amount of base lines of the aforementioned mark 
detection system based on a predetermined criteria, the renewal equipment of the base line which 
calculates the amount of base lines new when the result of judgment of the; aforementioned judgment 
equipment is affirmative, and the; aforementioned judgment equipment is negative The position of the 
aforementioned substrate stage is controlled using the amount of base lines of the aforementioned mark 
detection system for which it asked beforehand on the occasion of the imprint to the aforementioned 
substrate of the aforementioned mask pattern, case the judgment result of the aforementioned judgment 
equipment is affirmative -- the imprint to the aforementioned substrate of the aforementioned mask 
pattern -- facing — the above -- it is the 2nd aligner equipped with the stage control unit which controls 
the position of the aforementioned substrate stage using the new amount of base lines 
According to this, while a mask pattern is repeatedly imprinted on a substrate, the existence of the need 
for renewal of the amount of base lines of a mark detection system is judged based on a predetermined 
criteria by judgment equipment, and when the result of judgment of judgment equipment is affirmative, 
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the new amount of base lines is calculated with the renewal equipment of the base line. And the position 
of a substrate stage is controlled using the amount of base lines of the mark detection system for which it 
asked beforehand on the occasion of the imprint to the substrate of a mask pattern, and when the 
judgment result of judgment equipment is negative, when the judgment result of judgment equipment is 
affirmative, the position of a substrate stage is controlled by the stage control unit using the new amount 
of base lines calculated with updating equipment on the occasion of the imprint to the substrate of a 
mask pattern. Therefore, if the conditions which can presume whether possibility of changing the 
amount of base lines as the above-mentioned judgment conditions exceeding an allowed value becomes 
high are defined When change of the amount of base lines becomes in an allowed value and can 
disregard a position gap of the imprint image of a mask pattern Position control of the substrate stage 
under exposure is performed using the amount of base lines calculated beforehand. When possibility that 
change of the amount of base lines will exceed an allowed value is high and a position gap of the 
imprint image of a mask pattern cannot be disregarded The amount of base lines is newly calculated by 
measurement (or calculation), and ** which is made to perform position control of the substrate stage 
under exposure using the newly calculated amount of base lines is made. Therefore, in a position gap of 
the projection position to the substrate of a mask pattern image, prevention or since re-measurement (or 
re-calculation) of the amount of base lines is performed only when required while fully being able to 
suppress, improvement in a throughput is possible. 

In this case, although various things can be considered as the above-mentioned judgment conditions, the 
aforementioned judgment equipment is good also as judging the existence of the need for renewal of the 
amount of base lines of the aforementioned mark detection system based on whether the aforementioned 
substrate which is the object of an imprint of a mask pattern is the head of a lot, for example. 
In the exposure method which imprints the pattern formed in the aforementioned mask, this invention 
carrying out the synchronized drive of the substrate (W) to a mask (R) considering the 3rd viewpoint on 
the aforementioned substrate through a projection optical system (PO) The pattern of the mask which 
irradiated the lighting light for exposure (EL) with the predetermined incident angle to the pattern side 
of the aforementioned mask, and was illuminated by the aforementioned lighting light for exposure is 
faced imprinting on the aforementioned substrate through the aforementioned projection optical system. 
While setting the projection scale factor of the aforementioned synchronized-drive direction of the 
aforementioned projection optical system, and the direction which intersects perpendicularly as a desired 
value It is the 1st exposure method characterized by controlling the position of the aforementioned 
substrate using the amount of base lines of the mark detection system (ALG) which detects the 
alignment mark on the aforementioned substrate corresponding to after this setup. 
According to this, the pattern of the mask which irradiated the lighting light for exposure with the 
predetermined incident angle (the case where an incident angle is 0 is included) to the pattern side of a 
mask, and was illuminated by the lighting light for exposure is faced imprinting on a substrate through a 
projection optical system. If the projection scale factor of the direction of a synchronized drive of a 
projection optical system and the direction which intersects perpendicularly is set as a desired value, the 
position of a substrate will be controlled using the amount of base lines of the mark detection system 
which detects the alignment mark on the substrate corresponding to after this setup. In this case, the 
projection scale factor of the direction of a synchronized drive is controllable by adjusting the 
synchronous-speed ratio of a mask and a substrate. Therefore, change of a projection scale factor and 
degradation prevention of the superposition precision accompanying this are attained. 
In this case, the aforementioned amount of base lines corresponding to after a setup of the 
aforementioned projection scale factor may be detected after a setup of the aforementioned projection 
scale factor, and the aforementioned amount of base lines corresponding to after a setup of the 
aforementioned projection scale factor may amend the amount of base lines calculated beforehand by 
calculation according to the set-up projection scale factor. In the case of the latter, change of a projection 
scale factor and prevention of degradation of the superposition precision accompanying this are attained, 
without performing base-line measurement in the case of exposure. 

By the 1st exposure method concerning this invention, the aforementioned mask may be a reflected type 
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mask and the aforementioned projection optical system may be catoptric system. 
In the exposure method which this invention carries out the synchronized drive of the substrate (W) to a 
mask (R), considering the 4th viewpoint, and imprints the pattern of the aforementioned mask on the 
aforementioned substrate through a projection optical system (PO) So that the shift of the projection 
field of a pattern image in the image field of the aforementioned projection optical system which adjusts 
the optical property of the aforementioned projection optical system in advance of the aforementioned 
imprint, originates in adjustment of the aforementioned optical property and is produced may be 
compensated It is the 2nd exposure method characterized by adjusting the physical relationship of the 
aforementioned projection field and the aforementioned substrate in the aforementioned synchronized 
drive. 

According to this, the synchronized drive of a mask and the substrate is carried out, it precedes 
imprinting the pattern of a mask on a substrate through a projection optical system, and the optical 
property of a projection optical system is adjusted. And at the time of the imprint to the substrate of a 
mask pattern, the physical relationship of the projection field of a pattern image and substrate in the 
synchronized drive of a mask and a substrate is adjusted so that the shift of the projection field of a 
pattern image in the image field of a projection optical system which originates in adjustment of the 
aforementioned optical property and is produced may be compensated, therefore, degradation of the 
superposition precision accompanying adjustment of an optical property - prevention or it can fully 
suppress 

In this case, in order to determine the exposure position of the aforementioned substrate (W) using the 
positional information which detects the mark on the aforementioned substrate (W) by the mark 
detection system (ALG), and is obtained and to adjust the relative position of the aforementioned 
projection field and the aforementioned substrate According to the exposure positional information by 
which a decision was made [ aforementioned ] with the amount of base lines of the aforementioned 
mark detection system (ALG) after adjustment of the aforementioned optical property, you may control 
the synchronized drive of the aforementioned substrate to the aforementioned mask (R). 
You may make it use one side of the amount of base lines of the aforementioned mark detection system 
calculated from the amount of base lines and the optical property by which adjustment was carried out 
[ aforementioned ] of the aforementioned mark detection system (ALG) measured after adjustment of 
the aforementioned optical property by the aforementioned synchronized drive in the 2nd exposure 
method concerning this invention. Namely, what is necessary is just to use the amount of base lines of 
the mark detection system calculated from the optical property adjusted that what is necessary is just to 
actually measure the amount of base lines of a mark detection system since possibility that the amount 
of base lines will change with adjustments of an optical property a lot when an optical property is large 
and it changes before and after adjustment of an optical property is high when [ this ] an optical property 
hardly changed before and after adjustment of an optical property on the contrary. It is because it piles 
up even if it uses the calculated value which amended the amount of base lines before adjustment a 
changed part of the amount of base lines computed based on the correlation of the amount of 
adjustments of an optical property, and the amount of base lines in the case of the latter, and precision 
hardly deteriorates. 

Two or more positional information which detects two or more marks on the aforementioned substrate 
(W) by the aforementioned mark detection system (ALG), and is obtained by the 2nd exposure method 
concerning this invention, It is based at least on one side with two or more positional information which 
detects two or more marks (RM) on the aforementioned mask (R), and is obtained through the 
aforementioned projection optical system (PO). The aforementioned mask may be moved in the 
direction which met the optical axis of the aforementioned projection optical system (PO), and the 
projection scale factor of the aforementioned pattern image about the direction of a synchronized drive 
of the aforementioned substrate and the direction which intersects perpendicularly may be adjusted. In 
this case, based on two or more positional information which detects two or more marks on a substrate 
by the mark detection system, and is obtained, the amount of expansion and contraction of a substrate 
can be calculated, and it can ask for the scale factor (or scale-factor change) of the mask pattern image 
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projected on a substrate based on two or more positional information which detects two or more marks 
on a mask, and is obtained through a projection optical system. Therefore, even if it moves a mask in the 
direction which met the optical axis of a projection optical system based on any of two or more 
positional information which detects two or more marks on a substrate by the mark detection system, 
and is obtained, and two or more positional information which detects two or more marks on a mask, 
and is obtained through a projection optical system, the projection scale factor of the pattern image 
about the direction of a synchronized drive of a substrate and the direction which intersects 
perpendicularly can be adjusted good. 

By the 2nd exposure method concerning this invention, the aforementioned mask (R) A chief ray is the 
reflected type mask irradiated with the lighting light for exposure (EL) which inclined to the pattern 
side, the aforementioned lighting light for exposure (EL) It is the extreme ultraviolet radiation which has 
a spectrum in wavelength of 5-15nm, and the aforementioned mask side is a non-calling cent rucksack, 
and the aforementioned projection optical system (PO) may consist of only two or more reflected light 
study elements. 

this invention is the exposure method which imprints the pattern of a mask (R) repeatedly through a 
projection optical system (PO) on a substrate (W), considering the 5th viewpoint. The mark on the 
aforementioned substrate The mark detection system to detect Change of the physical quantity leading to 
[ of the amount of base lines of (ALG) ] change The amount of base lines new when the 2nd process and 
the; aforementioned judgment result the 1st process and the; aforementioned physical quantity to 
supervise judge the existence of the need for renewal of the amount of base lines of the aforementioned 
mark detection system to be based on whether the predetermined allowed value was exceeded are 
affirmative is calculated. It is the 3rd exposure method including the 3rd process which controls the 
position of the aforementioned substrate using the calculated amount of base lines, and is exposed by 
controlling the position of the aforementioned substrate using the amount of base lines of the 
aforementioned mark detection system for which it asked beforehand when the aforementioned 
judgment result was negative. 

According to this, change of the physical quantity leading to [ of the amount of base lines of the mark 
detection system which detects the mark on a substrate at the 1st process ] change is supervised, and the 
existence of the need for renewal of the amount of base lines of a mark detection system is judged based 
on whether the aforementioned physical quantity exceeded the predetermined allowed value at the 2nd 
process. And when the aforementioned judgment result is affirmative, the new amount of base lines is 
calculated, the position of a substrate is controlled by the 3rd process using the calculated amount of 
base lines, when the aforementioned judgment result is negative, the position of a substrate is controlled 
using the amount of base lines of the mark detection system for which it asked beforehand, and exposure 
is performed. Therefore, the physical quantity leading to [ of the amount of base lines of a mark 
detection system ] change exceeds a predetermined allowed value. When possibility that change of the 
amount of base lines will exceed an allowed value is high and a position gap of the imprint image of a 
mask pattern cannot be disregarded Newly calculate the amount of base lines by measurement (or 
calculation), and position control of the substrate stage under exposure is performed using the newly 
calculated amount of base lines. The aforementioned physical quantity becomes in a predetermined 
allowed value, and when change of the amount of base lines becomes in an allowed value and can 
disregard a position gap of the imprint image of a mask pattern, position control of the substrate stage 
under exposure can be performed using the amount of base lines calculated beforehand. Therefore, in a 
position gap of the projection position to the substrate of a mask pattern image, prevention or since re- 
measurement (or re-calculation) of the amount of base lines is performed only when required while fully 
being able to suppress, improvement in a throughput is possible. 

In the 3rd exposure method concerning this invention, although the physical quantity supervised in the 
1st process of the above can consider various physical quantity, the physical quantity may be the 
thermal-expansion variation of the aforementioned mask, for example. In this case, the thermal- 
expansion variation of the mask may be presumed based on the measurement result of the temperature 
distribution of the aforementioned mask. 
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In the 3rd exposure method concerning this invention, the physical quantity supervised in the 1st process 
of the above may be the image formation property of the aforementioned projection optical system. 
In the 3rd exposure method concerning this invention, when the aforementioned projection optical 
system is the optical system containing a mirror, the physical quantity supervised in the 1st process of 
the above may be the deformation of the aforementioned mirror. 

this invention is the manufacture method of the aligner which imprints the pattern of a mask on a 
substrate, considering the 6th viewpoint. On the aforementioned mask, the lighting light for exposure 
The illumination system to irradiate The aforementioned lighting light for exposure by which outgoing 
radiation was carried out to the process to offer from the; aforementioned mask The projection optical 
system projected on the aforementioned substrate The projection scale factor of a process and the; 
aforementioned projection optical system to offer The imprint of a up to [ the aforementioned substrate 
of the process which offers the scale-factor change equipment to change, the process which offers the 
substrate stage holding the; aforementioned substrate, the process which offers the mark detection 
system which detects the mark which exists on the; aforementioned substrate stage, and the; 
aforementioned mask pattern ] is faced. When a scale factor is changed by the aforementioned scale- 
factor change equipment, it is the manufacture method of an aligner including the process which offers 
an amendment compensator for a projection position gap of the aforementioned mask pattern using the 
amount of base lines of the aforementioned mark detection system corresponding to after the scale- 
factor change. 

According to this, the aligner of this invention can be manufactured by adjusting combining 
mechanically, optically, and electrically an illumination system, a projection optical system, scale-factor 
change equipment, a substrate stage, a compensator, and other various parts. In this case, the quiescence 
exposure type aligner of a step-and-repeat method etc. can be manufactured. 

By the manufacture method of the aligner concerning this invention, the process which offers the driving 
gear which carries out the synchronized drive of the process and the; aforementioned mask stage which 
offer the mask stage holding the aforementioned mask, and the aforementioned substrate stage in the 1st 
direction which intersects perpendicularly in the direction of an optical axis of the aforementioned 
projection optical system can be included further. In this case, the scanned type aligner of step - which 
can amend an image distortion property, - scanning method, etc. can be manufactured by change 
adjustment of the relative scan speed of a mask stage and a substrate stage, and the angle of a relative 
scanning direction. 

Moreover, in a lithography process, by exposing using the exposure method of this invention, on a 
substrate, the pattern of two or more layers can be piled up, it can form with a sufficient precision, a 
micro device with a degree of integration high thereby more can be manufactured with the sufficient 
yield, and the productivity can be raised. Similarly, by exposing in a lithography process using the 
aligner of this invention, on a substrate, the pattern of two or more layers can be piled up, it can form 
with a sufficient precision, a thereby more highly-integrated micro device can be manufactured with the 
sufficient yield, and the productivity can be raised. Therefore, it can be said that this invention is the 
device manufacture method of using the exposure method of this invention, or the lithography system of 
this invention, considering another viewpoint, and is the device manufactured by this manufacture 
method. 

best form « for inventing - operation form [ of ** a 1st ]» 

Hereafter, the 1st operation form of this invention is explained based on drawing 1 - drawing 12 . 
The whole aligner 10 composition concerning the 1st operation form is roughly shown in drawing 1 . 
This aligner 10 is a projection aligner which performs exposure operation according to a step and a 
scanning method, using the light (EUV light) of a soft X ray field with a wavelength of 5-1 5nm as a 
lighting light EL for exposure. Since the projection optical system PO which projects perpendicularly on 
Wafer W the reflected light bunch from the reticle R as a mask is used with this operation form so that it 
may mention later, it sets below. While calling the projection direction of the lighting light EL to Wafer 
W direction of an optical axis of a projection optical system PO from this projection optical system PO, 
the direction which intersects perpendicularly the longitudinal direction in the space in drawing 1 with Y 
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shaft orientations and space shall be explained as X shaft orientations in the field which intersects 
perpendicularly this direction of an optical axis with Z shaft orientations and this. 
This aligner 10 projecting some images of the circuit pattern drawn by the reflected type reticle R as a 
mask on the wafer W as a substrate through a projection optical system PO By carrying out the relative 
scan of Reticle R and the wafer W in the direction (here Y shaft orientations) of one dimension to a 
projection optical system PO, the whole circuit pattern of Reticle R is imprinted by the step and the 
scanning method to each of two or more shot fields on Wafer W. 

An aligner 10 The light equipment 12 which injects the EUV light EL horizontally along the direction of 
Y, and the EUV light EL from this light equipment 12 are reflected. The clinch mirror M bent so that 
incidence may be carried out to the pattern side (undersurface in drawing 1 ) of Reticle R with the 
predetermined incident angle theta (theta is taken as about 50 mrad(s) here) (some lighting optical 
system) The reticle stage RST as a mask stage holding Reticle R, The projection optical system PO 
which consists of the catoptric system which projects perpendicularly the EUV light EL reflected in 
respect of the pattern of Reticle R to the exposed field of Wafer W, It has the alignment optical system 
ALG as the wafer stage WST, a focal sensor (14a, 14b), and a mark detection system etc. as a substrate 
stage holding Wafer W. 

The aforementioned light equipment 12 consists of the laser plasma light source 16 and some lighting 
optical system (PRM, IM30), as shown in drawing 2 . The light source 16 is equipped with the high 
power laser 20, such as an YAG laser by semiconductor laser excitation, and an excimer laser, the 
condenser lens 22 which condenses laser beam L from this high power laser 20 at a predetermined 
condensing point, and the EUV light generating matter 24, such as a copper tape arranged at this 
condensing point. 

If the EUV light generating matter 24 with which laser beam L from the high power laser 20 will have 
been arranged at the condensing point of a condenser lens 22 if the structure of generating of EUV light 
was explained briefly irradiates, in case this EUV light generating matter 24 will become an elevated 
temperature with the energy of a laser beam, it will be excited by the plasma state and it will change in 
the low potential state here, the EUV light EL is emitted. 

Thus, since the generated EUV light EL emits to an omnidirection, it is the purpose which condenses 
this and the parabolic mirror PRM is formed in light equipment 12, it is condensed by this parabolic 
mirror PRM and it is changed into the parallel flux of light by the EUV light EL. The EUV light reflex 
layer for reflecting EUV light is formed in the internal surface of this parabolic mirror PRM, and the 
cooling system 26 is attached in the rear face. Although the thing using a coolant object as a cooling 
system 26 is desirable from the point of cooling efficiency, it is not limited to this. As for the material of 
a parabolic mirror PRM, the metal is suitable from the point of heat conduction. Reflecting only the light 
of specific wavelength is known by using the multilayer which carried out the laminating of two kinds 
of matter by turns as an EUV light reflex layer currently formed in the front face of a parabolic mirror 
PRM. For example, if Molybdenum Mo and dozens of layers silicon Si are coated, alternative reflection 
of the EUV light with a wavelength of about 13.4nm will be carried out, and reflecting EUV light with a 
wavelength of about 1 1.5nm is known for molybdenum and beryllium. In order for the light of the 
wavelength which is not reflected to be absorbed by the multilayer etc. and to change to heat, the 
temperature of a parabolic mirror PRM rises. In order to cool this parabolic mirror PRM, the 
aforementioned cooling system 26 is needed. The EUV light EL changed into parallel light by the 
parabolic mirror PRM has a circular cross-section configuration perpendicular to the optical axis, and 
intensity distribution are a uniform parallel light. 

In light equipment 12, the wavelength-selection aperture 30 formed of the beryllium arranged at the 
travelling-direction back side (space right-hand side in drawing 2 ) of the EUV light EL of the lighting 
mirror IM which reflects the EUV light EL changed into the further above-mentioned parallel light, and 
is deflected towards the direction of the clinch mirror M of drawing 1 , and this lighting mirror IM is 
formed. As the lighting mirror IM is shown in drawing 2 , the near field where the EUV light EL is 
irradiated is made into a curved surface, in the front face of the curved surface The reflecting layer 
which consists of the multilayer which carried out the laminating (for example, molybdenum Mo and 
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dozens of layers silicon Si are coated) of two kinds of matter chosen according to the wavelength by 
turns is formed, and it is designed so that the EUV light reflected by this reflecting layer may become 
the shape of an exactly long and slender slit on Reticle R. 

It corresponds in the direction which intersects perpendicularly with the longitudinal direction of a 
circular lighting field (lighting field of a configuration which took out a part of ring-like lighting field) 
which has the predetermined area which illuminates the pattern side of Reticle R which the vertical 
direction in space of drawing 2 mentions later, and which is mentioned later, and the pattern side of 
Reticle R is a focal plane exactly. In this case, since the source of luminescence of the EUV light EL has 
a limited size, although the pattern side of Reticle R is a focal plane, on the focal plane, the EUV light 
EL has width of face of 1 to about 10mm. Therefore, although a circular lighting field is illuminated, it 
is not too said that it is thin. The cooling system 26 mentioned above and the same cooling system 28 
are formed in the rear-face side of the reflector of the lighting mirror EVi 

The aforementioned wavelength-selection aperture 30 is formed here in order to cut the light. The EUV 
reflective film with which this consists of a multilayer has quite sharp wavelength-selection nature to the 
wavelength of the EUV light neighborhood, and although only the specific wavelength used for 
exposure is reflected alternatively, the light, ultraviolet radiation, etc. will be reflected similarly. If this is 
led to Reticle R and a projection optical system PO, the mirror (about these, it mentions later) which 
constitutes Reticle R and a projection optical system PO for excessive energy tends to generate heat, or 
when the worst, for a certain reason, a possibility of an unnecessary light being imprinted and causing 
degradation of an image on Wafer W also tends to prevent generating of this situation. 
The state where the light equipment 12 shown in drawing 2 was seen from the direction unilateral (left- 
hand side in drawing 2 ) of Y is shown in drawing 3 . In this drawing 3 , the clinch mirror M of drawing 
I is in the back side of space. Although the reflector of the lighting mirror EM does not appear in 
drawing 3 , when it sees from the space back side of drawing 3 , it is carrying out the shape of a 
rectangle. That is, at drawing 2 , by drawing 3 which is a concave curved surface and this left lateral 
view, since it is a rectangle, the reflector of the lighting mirror IM will carry out the same configuration 
as a part of cylindrical inner skin. In this case, within the space of drawing 3 , although it converges 
within the space of drawing 2 , since the EUV light EL is still parallel light, it serves as the length of the 
longitudinal direction of the circular lighting field which the length of the longitudinal direction in 
drawing 3 mentions later. In addition, as parallel but above-mentioned, since the size of the light source 
is limited, a spatial coherency does not necessarily call it zero. 

Although illustration is omitted in drawing 1 , as shown in drawing 4 in fact, the aforementioned reticle 
stage RST is arranged on the reticle-stage base 32 arranged along with XY flat surface, and surfacing 
support is carried out by the magnetic-levitation type two-dimensional linear actuator 34 on this reticle- 
stage base 32. While driving this reticle stage RST by predetermined stroke in the direction of Y by the 
magnetic-levitation type two-dimensional linear actuator 34, the minute amount drive of it is carried out 
also in the direction of X, and the direction (hand of cut of the circumference of the Z-axis) of theta. 
Moreover, this reticle stage RST is constituted that only a minute amount can be driven by the magnetic- 
levitation type two-dimensional linear actuator 34 also in the Z direction and the inclination direction to 
XY side. 

The permanent magnet (illustration abbreviation) is prepared, the aforementioned magnetic-levitation 
type two-dimensional linear actuator 34 is constituted by this permanent magnet and coil 34a spread 
around in the XY two-dimensional direction on the reticle-stage base 32, and the position and attitude 
control of the direction of six dimension of a reticle stage RST are performed at the bottom of the 
periphery of a reticle stage RST by controlling the current passed to coil 34a by the main control unit 80 
mentioned later. 

The reticle stage RST is equipped with the stage main part 35 holding the periphery of the reticle holder 
RH which counters the reticle-stage base 32 and holds Reticle R, and a reticle holder RH, and the 
temperature-control section 36 for being prepared in the tooth-back side (upper surface side) of a reticle 
holder RH inside the stage main part 35, and controlling the temperature of this reticle holder RH so that 
it may expand to drawing 4 and may be shown. The reticle holder of an electrostatic chuck formula is 
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used as the aforementioned reticle holder RH. It is because the aligner 10 of this operation form is held 
in the non-illustrated vacuum chamber in fact and the reticle holder of a vacuum-chuck formula cannot 
be used from the relation for which this uses the EUV light EL as a lighting light for exposure for this 
reason. The material of a reticle holder RH does not interfere by the object currently used by the 
conventional DUV aligners, such as a low thermal expansion glass and a ceramic. 
Two or more temperature sensors 38 are arranged at intervals of predetermined, the temperature of 
Reticle R is correctly measured by these temperature sensors 38, and a temperature control which 
maintains the temperature of Reticle R at predetermined target temperature in the temperature-control 
section 36 based on this measurement temperature is carried out to the reticle adsorption side of a reticle 
holder RH. The liquid cooling of the form which draws a coolant object through a flexible tube as a 
cooling system which constitutes this temperature-control section 36 from the outside, the method using 
an electronic device like the Peltier element, the method using heat exchangers, such as a heat pipe, etc. 
are further employable. 

Mirror-plane processing is given to the side of the direction unilateral of Y of a reticle stage RST, and 
reflector 40a to the light of a visible region is formed in it. Although illustration is omitted in drawing 4 , 
as shown in drawing 6 , mirror-plane processing is also given to the side of the direction unilateral of X 
of a reticle stage RST, and reflector 40b to the light of a visible region is formed. And in this aligner 10, 
the position within XY side of a reticle stage RST is managed like the aligner of the conventional DUV 
light source by the interferometer systems which irradiate a measurement beam at the aforementioned 
reflectors 40a and 40b. These interferometer systems are explained in full detail behind. 
The reflective film which reflects EUV light is formed in the front face (pattern side) of Reticle R. This 
reflective film is a multilayer to which the laminating of two kinds of matter was carried out by turns. 
Here, the reflective film of about 70% of reflection factors is formed to EUV light with a wavelength of 
about 13nm using the multilayer of Molybdenum Mo and Silicon Si. Patterning of the matter which 
absorbs EUV light on this reflective film is applied and carried out to the whole surface. Since redo will 
become possible to the restoration when failing when patterning of a reflective body like a multilayer 
was carried out being impossible if it is the method of preparing and carrying out patterning of the 
absorption layer (absorption film), pattern restoration is attained. Since the matter of most which exists 
really does not reflect EUV light, it can use for an absorption layer. With this operation form, since a 
laser interferometer (RIFZ1-RIFZ3) is used in order to measure the Z direction position of Reticle R so 
that it may mention later, the absorption layer is formed with matter with which a reflection factor of the 
same grade as the aforementioned reflecting layer (reflective film) is obtained to the measurement beam 
(light of a visible region) from these laser interferometers. In addition, it is mentioned that secular 
change according to the adhesion to a reflecting layer, oxidization, etc. in the ease of carrying out of 
patterning are small as criteria of selection of this absorption layer formation material etc. 
An example of Reticle R is shown in drawing 5 . The field of the rectangle which exists in the center in 
drawing is pattern space PA. It is the circular lighting field LA where the EUV light EL whose circular 
field where the slash was given is the lighting light for exposure is irradiated. Here, because many 
aberration of a projection optical system PO mentioned later can use only the smallest field, it exposes 
using a circular lighting field. Moreover, the reticle alignment marks RM1-RM6 as an alignment mark 
are formed in the direction both ends of X of pattern space PA of Reticle R at intervals of predetermined 
along the direction of Y. The reticle alignment mark RM 1, RM4 and RM2, and RMS, RM3 and RM6 
are arranged along about X directions, respectively. 

When using the circular lighting field IA so that clearly from drawing 5 , since it is not realistic to 
perform package exposure (quiescence exposure), as it mentions later, scanning exposure is performed 
with this operation form. 

Since a reflecting layer is formed in the front face as mentioned above, especially the material of the 
reticle R itself does not ask Reticle R. As a material of Reticle R, a low thermal expansion glass, quartz 
glass (for example, zero DEYUA (tradename) of a shot company, ULE (tradename) of Corning, Inc., 
etc. are included), ceramics, a silicon wafer, etc. can be considered, for example. Using the same 
material as the material of for example, the reticle holder RH as a material of Reticle R as criteria of 
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selection of this material is mentioned. Although it originates at the temperature rise by irradiation of the 
lighting light EL for exposure etc. in this case and thermal expansion arises in Reticle R and a reticle 
holder RH, since only the same amount will expand if both materials are the same, the merit that the 
force (thermal stress) made into the method of a gap does not work is among both. The same effect will 
be acquired if not only this but the matter which had the same coefficient of linear expansion even if it 
was different matter is used as a material of Reticle R and a reticle holder RH. For example, it is 
possible to use a silicon wafer for Reticle R and to use SiC (silicon carbide) for a reticle holder RH. 
When a silicon wafer is used as a material of Reticle R, there is also an advantage said that process 
equipments, such as pattern drawing equipment, and a resist coater, an etching system, etc. can use it as 
it is. With this operation form, the reticle holder is formed by SiC for this reason, using a silicon wafer 
as a material of Reticle R. 

It returns to drawing 1 , and under the reticle R (incidence side of EUV light), the working blind 42 and 
the slit board 44 as a field diaphragm approach Reticle R, and are arranged. More specifically, in fact, 
these working blind 42 and the slit board 44 are arranged inside the reticle-stage base 32, as shown in 
drawing 4 . 

Although it is easy to be natural [ the slit board 44 ] even if it specifies the circular lighting field IA and 
is fixed to the projection optical system PO, in this operation form, this slit board 44 is constituted 
possible [ a drive ] by the drive 46 as a change mechanism containing a motor etc. The plan of this slit 
board 44 and its drive 46 is shown in drawing 7 . 1st slit 44a which specifies the circular lighting field 
IA on the reticle R by which the EUV light EL as a lighting light for exposure is irradiated (the 1st 
lighting field) to the slit board 44, It has 2nd slit 44b which specifies the 2nd lighting field where the 
lighting light EL for exposure is irradiated by the alignment mark RM 1 and RM4 (or RM2, and RMS, 
RM3 and RM6) portion which were formed in the both sides of pattern space PA of Reticle R. The drive 
46 is equipped with feed screw 46C connected with the output shaft of motor 46A and this motor 
through splice 46B, and control-section 46D of the aforementioned motor 46A. Feed screw 46C is 
screwing in the nut section (illustration abbreviation) which protruded on the space background in 
drawing 7 of the slit board 44. For this reason, the rotation drive of the feed screw 46C is carried out by 
rotation of motor 46A, and the slit board 44 drives to the shaft orientations (the direction of Y) of feed 
screw 46C by this. According to the directions from the main control unit 80 (refer to drawing 10 ) 
mentioned later, at the time of exposure, control-section 46D of a drive 46 changes the slit board 44 to 
the 1st position where the lighting light EL for exposure is irradiated by 1st slit 44a, and changes the slit 
board 44 to the 2nd position where the lighting light EL for exposure is irradiated by 2nd slit 44b at the 
time of the alignment (alignment) of Reticle R. In addition, instead of a feed screw mechanism, a linear 
motor may be used and the slit board 44 may be driven. 

It returns to drawing 4 and the aforementioned working blind 42 is for preventing that the redundant 
circuit portion is contained in the lighting field IA to imprint the redundant circuit pattern drawn in the 
same reticle R to Wafer W. With this operation form, movement of the direction of Y is controlled by 
the aforementioned control -section 46D which constitutes a drive 46 synchronizing with movement of 
the direction of Y of a reticle stage RST according to the directions from the main control unit 80 (refer 
to drawing 10 ) mentioned later. In this case, since Reticle R begins to scan starting of the working blind 
42, it may be begun like Reticle R to scan it, and it may start a scan from before the scanning start of a 
reticle. In the case of the latter, acceleration is small, and ends in it. Or the working blind 42 may begin 
to move according to the pattern which should hide a target approaching. 

It returns to drawing 1 , and the catoptric system to which the aforementioned projection optical system 
PO changes only from a reflected light study element (mirror) like the above is used, and the thing 1/4 
time the projection scale factor of this is used here. Therefore, it is reflected by Reticle R, and a 
projection optical system PO contracts to a quadrant, and the EUV light EL including the pattern 
information drawn on Reticle R is irradiated on Wafer W. 

Here, a projection optical system PO is explained more to a detail using drawing 8 . As shown in this 
drawing 8 , the projection optical system PO consists of a total (reflected light study element) of four 
mirrors, the 1st mirror Ml which reflects the EUV light EL reflected by Reticle R one by one, the 2nd 
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mirror M2, the 3rd mirror M3, and the 4th mirror M4, and a lens-barrel PP holding these mirrors Ml- 
M4. The reflector of the 1st mirror Ml of the above and the 4th mirror M4 has the configuration of the 
aspheric surface, the reflector of the 2nd mirror M2 is a flat surface, and the reflector of the 3rd mirror 
M3 serves as a spherical-surface configuration. About 1/50 to 1/60 or less process tolerance of exposure 
wavelength is realized to a design value, and each reflector has only an error 0.2 to 0.3nm or less at an 
RMS value (standard deviation). The material of each mirror is a low thermal expansion glass or a 
metal, and the reflecting layer to EUV light is formed in the front face of the multilayer which piled up 
two kinds of the same matter as Reticle R by turns. 

In this case, as shown in drawing 8 , the hole is vacated for the 4th mirror M4 so that the light reflected 
by the 1st mirror Ml can reach the 2nd mirror M2. The hole is established in the 1st mirror Ml so that 
the light similarly reflected by the 4th mirror M4 can reach Wafer W. Of course, it is good also as a 
configuration which does not vacate a hole but has notching which can pass the flux of light for the 
appearance of a mirror. 

Since the environment where the projection optical system PO is placed is also a vacuum, there is no 
refuge of the heat by irradiation of the lighting light for exposure. Then, with this operation form, while 
connecting between the lens-barrels PP holding mirrors M1-M4 and the mirrors M1-M4 concerned with 
a heat pipe HP, the cooling system which cools Lens-barrel PP is prepared. That is, Lens-barrel PP is 
made into double structure with the cooling jacket 52 equipped by the inside mirror attaching part 50 
and its inside periphery section, and the spiral pipe 58 for flowing out of the inflow tube 54 side, and 
passing the coolant to a tube 56 side is formed in the interior of a cooling jacket 52. Here, cooling water 
is used as coolant, from a cooling jacket 52 — flowing out - a tube 56 — minding -- an outflow -- the 
bottom, after performing a heat exchange and being cooled to predetermined temperature between 
refrigerants within a non-illustrated freezer, cooling water flows in a cooling jacket 52 through the 
inflow tube 54, is carried out in this way, and cooling water circulates through it 
For this reason, in the projection optical system PO of this operation form, even if heat energy is given 
to mirrors Ml, M2, M3, and M4 by irradiation of the lighting light EL for exposure (EUV light), a heat 
exchange is performed between the lens-barrels PP by which the temperature control was carried out to 
constant temperature with the heat pipe HP, and mirrors Ml, M2, M3, and M4 are cooled by the 
aforementioned constant temperature. In this case, with this operation form, as shown in drawing 8 , 
since the heat pipe HP is stuck not only on the rear-face side but on the portion by which the lighting 
light for exposure by the side of a front face (reflector side) is not irradiated, about mirrors Ml and M2 
and M4 grade, cooling of each aforementioned mirror is more effectively performed compared with the 
case where only a rear-face side is cooled. In addition, the heat pipe HP by the side of the rear face of 
the 3rd mirror M3 and the front face of the 1st mirror Ml cannot be overemphasized by having reached 
the inner skin of Lens-barrel PP in the depth direction of space. In addition, the appearance of Lens- 
barrel PP is carrying out the shape of the square pole, as shown in drawing 6 . 

It returns to drawing 1 , and the aforementioned wafer stage WST is arranged on the wafer stage base 60 
arranged along with XY flat surface, and surfacing support is carried out by the magnetic-levitation type 
two-dimensional linear actuator 62 on this wafer stage base 60. While driving this wafer stage WST by 
predetermined stroke in the direction of X, and the direction of Y by the aforementioned magnetic- 
levitation type two-dimensional linear actuator 62, the minute amount drive of it is carried out also in 
the direction (hand of cut of the circumference of the Z-axis) of theta. Moreover, this wafer stage WST 
is constituted that only a minute amount can be driven by the magnetic-levitation type two-dimensional 
linear actuator 62 also in the Z direction and the inclination direction to XY side. 
The permanent magnet (illustration abbreviation) is prepared in the base of the wafer stage WST, the 
aforementioned magnetic-levitation type two-dimensional linear actuator 62 is constituted by this 
permanent magnet and the coil (illustration abbreviation) spread around in the XY two-dimensional 
direction on the wafer stage base 60, and the position and attitude control of the direction of six 
dimension of the wafer stage WST are performed by controlling the current passed in the 
aforementioned coil with the main control unit 80 mentioned later. 

The wafer electrode holder which is not illustrated [ of an electrostatic chuck method ] is laid in the 
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reference-beam RIFY2R on fixed mirror (reference mirror) 72a (referring to drawing 1 ) attached in the 
lens-barrel PP of a projection optical system PO, and receiving each reflected light while projecting 
measurement beam RBFY2M on reflector 40a of a reticle stage RST. 

The center of the irradiation position of measurement beam RIFY1M of the two above-mentioned 
interferometers RIFY1 and RDFY2 and RIFY2M is in agreement with the center (center of the direction 
of X of Reticle R) of the lighting field IA. Therefore, that by which the average of the measurement 
value of these two interferometers broke the difference of both measurement values for the direction 
position of Y of a reticle stage RST at intervals of the interferometer shaft gives the angle of rotation 
(here, referred to as alpha 1) of a reticle stage RST. The measurement value of these interferometers 
RIFY1 and RDFY2 is supplied to the main control unit 80, and computes the above-mentioned average 
and an angle of rotation alpha 1 in a main control unit 80. 

Moreover, an interferometer RIFX1 measures the relative position of the direction of X of the reticle 
stage RST to fixed mirror 72b in the projection position of measurement beam RDFX1M by projecting 
reference-beam RIFX1R on fixed mirror (reference mirror) 72b attached in the lens-barrel PP of a 
projection optical system PO, and receiving each reflected light while projecting measurement beam 
RIFX1M on reflector 40b of a reticle stage RST. 

Similarly, an interferometer RIFX2 measures the relative position of the direction of X of the reticle 
stage RST to fixed mirror 72b in the projection position of measurement beam RIFX2M by projecting 
reference-beam RIFX2R on fixed mirror (reference mirror) 72b attached in the lens-barrel PP of a 
projection optical system PO, and receiving each reflected light while projecting measurement beam 
RBFX2M on reflector 40b of a reticle stage RST. 

The center of the irradiation position of measurement beam RIFX1M of the two above-mentioned 
interferometers RIFX1 and REFX2 and RIFX2M is in agreement with the center (point P2 reference in 
drawing 5 ) of the lighting field IA. Therefore, that by which the average of the measurement value of 
these two interferometers broke the difference of both measurement values for the direction position of 
X of a reticle stage RST at intervals of the interferometer shaft gives the angle of rotation (here, referred 
to as alpha 2) of a reticle stage RST. The measurement value of these interferometers RIFX1 and RIFX2 
is supplied to the main control unit 80, and computes the above-mentioned average and an angle of 
rotation alpha 2 in a main control unit 80. In this case, in a main control unit 80, either of the above- 
mentioned angles of rotation alphal and alpha2, or its average (alpha l+alpha2)/2 are computed as an 
angle of rotation of the direction of theta of a reticle stage RST. 

An interferometer WIFY1 measures the relative position of the direction of Y of the wafer stage WST to 
fixed mirror 76a in the projection position of measurement beam WIFY1M by projecting reference- 
beam WIFY1R on fixed mirror (reference mirror) 76a attached in the lens-barrel PP of a projection 
optical system PO, and receiving each reflected light while projecting measurement beam WIFY1M on 
reflector 74a of the wafer stage WST. 

Similarly, an interferometer WIFY2 measures the relative position of the direction of Y of the wafer 
stage WST to fixed mirror 76a in the projection position of measurement beam WIFY2M by projecting 
reference-beam WIFY2R on fixed mirror (reference mirror) 76a attached in the lens-barrel PP of a 
projection optical system PO, and receiving each reflected light while projecting measurement beam 
WIFY2M on reflector 74a of the wafer stage WST. 

The center of the irradiation position of measurement beam WIFY1M of the two above-mentioned 
interferometers WIFY1 and WIFY2 and WEFY2M is in agreement with the center of the circular 
exposure field SA on the wafer corresponding to the lighting field IA (refer to drawing 1 1 ). Therefore, 
that by which the average of the measurement value of these two interferometers broke the difference of 
both measurement values for the direction position of Y of the wafer stage WST at intervals of the 
interferometer shaft gives the angle of rotation (here, referred to as beta 1) of the wafer stage WST. The 
measurement value of these interferometers WIFY1 and WIFY2 is supplied to the main control unit 80, 
and computes the above-mentioned average and an angle of rotation beta 1 in a main control unit 80. 
Moreover, an interferometer WIFX1 measures the relative position of the direction of X of the wafer 
stage WST to fixed mirror 76b in the projection position of measurement beam WIFX1M by projecting 
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reference-beam WIFX1R on fixed mirror (reference mirror) 76b attached in the lens-barrel PP of a 
projection optical system PO, and receiving each reflected light while projecting measurement beam 
WDFX1M on reflector 74b of the wafer stage WST. 

Similarly, an interferometer WIFX2 measures the relative position of the direction of X of the wafer 
stage WST to fixed mirror 76b in the projection position of measurement beam WIFX2M by projecting 
reference-beam WBFX2R on fixed mirror (reference mirror) 76b attached in the lens-barrel PP of a 
projection optical system PO, and receiving each reflected light while projecting measurement beam 
WEFX2M on reflector 74b of the wafer stage WST. 

The center of the irradiation position of measurement beam WIFX1M of the two above-mentioned 
interferometers WIFX1 and WIFX2 and WIFX2M is in agreement with the center of the exposure field 
SA corresponding to the lighting field IA. Therefore, that by which the average of the measurement 
value of these two interferometers broke the difference of both measurement values for the direction 
position of X of the wafer stage WST at intervals of the interferometer shaft gives the angle of rotation 
(here, referred to as beta 2) of the wafer stage WST. The measurement value of these interferometers 
WIFX1 and WEFX2 is supplied to the main control unit 80, and computes the above-mentioned average 
and an angle of rotation beta 2 in a main control unit 80. In this case, in a main control unit 80, either of 
the above-mentioned angles of rotation betal and beta2, or its average (betal+beta2)/2 are computed as 
an angle of rotation of the direction of theta of the wafer stage WST. 

Furthermore, with this operation gestalt, although illustration is omitted, the pitching interferometer and 
rolling interferometer which measure pitching of a reticle stage RST and the wafer stage WST and 
rolling are formed, respectively, and pitching and rolling of the wafer stage WST and a reticle stage RST 
are computed by the main control unit 80 based on the measurement value of these interferometers. 
It returns to drawing 1 and laser interferometer RIFZ for reticle side measurement which measures the 
position of the Z direction of Reticle R is prepared in the lens-barrel PP of a projection optical system 
PO used as the criteria of all measurement of the eight above-mentioned interferometers. Although three 
of laser interferometers RIFZ1, RIFZ2, and RIFZ3 are arranged at intervals of predetermined and they 
are being fixed to Lens-barrel PP as this laser interferometer RIFZ is shown in drawing 6 in fact, these 
are typically shown by drawing 1 (and drawing 4 ) as laser interferometer RIFZ. 
The measurement beam from these laser interferometers RIFZ1-RIFZ3 The irradiation field of the 
lighting light EL for exposure on which it is projected with the predetermined incident angle theta 
through the clinch mirror M in the pattern side of Reticle R, That is, it is projected by three points from 
which it differs in the circular lighting field IA in the pattern side of Reticle R through the incident-light 
way of the lighting light EL for exposure, and the optical path of the Z direction of the center of an 
outgoing radiation optical path (reflected light way) (refer to drawing 1 and drawing 4 ). For this reason, 
the laser interferometers RIFZ1, RIFZ2, and RIFZ3 Without affecting the lighting light EL for exposure 
which carries out incidence to the pattern side of Reticle R from across with the predetermined incident 
angle theta, and is reflected in it on the same outgoing radiation square as an incident angle And it is 
possible to measure the Z direction position of Reticle R with high degree of accuracy (for example, 
precision of several nm - lnm or less), without an interferometric measurement beam having influence 
done by the lighting light EL for exposure. 

As laser interferometers RIFZ1-RIFZ3, the thing of the type with a built-in reference mirror with which 
the non-illustrated reference mirror was built in in the main part is used, and the Z direction position of 
the irradiation position of the measurement beam on Reticle R is measured on the basis of the position 
of the reference mirror here, respectively. In this case, it is projected on the measurement beam from a 
laser interferometer RIFZ1 in the position of the point PI in the lighting field IA shown in drawing 5 , is 
projected on the measurement beam from a laser interferometer RIFZ2 in the position of a point P2, and 
is projected on the measurement beam from a laser interferometer RIFZ3 in the position of a point P3. A 
point P2 is a point on the medial axis of the center of X of the lighting field IA, i.e., the direction of 
pattern space PA, and is the central point of the direction of Y of the lighting field IA, and points PI and 
P3 have it in a symmetrical position about the aforementioned medial axis. 

the measurement value of these three laser interferometers RIFZ1-RIFZ3 is inputted into a main control 
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unit 80 - having -- coming --**** (refer to drawing 10 ) -- a main control unit 80 -- these three 
measurement values -- being based - mentioning later -- making -- the magnetic-levitation type two- 
dimensional linear actuator 34 — minding — Z position and the inclination (pitching, rolling) of a reticle 
stage RST R, i.e., a reticle, -- an amendment -- it is like 

In addition, since the pitching interferometer and rolling interferometer which measure pitching and the 
rolling of a reticle stage RST other than laser interferometer RDFZ for reticle side measurement like the 
above-mentioned are formed with this operation gestalt In order to control more pitching of Reticle R 
(reticle stage RST), and rolling to high degree of accuracy It is good as for a method of an amendment in 
a part for the error (this is small to the grade which can be disregarded) which originates in the 
irregularity of a reticle pattern side based on the measurement value of the measurement value of laser 
interferometers RDFZ1-RIFZ3, the above-mentioned pitching interferometer, and a rolling interferometer 
in a main control unit 80. 

This Z direction position of the wafer W on the basis of Lens-barrel PP on the other hand is measured by 
the focal sensor 14 of the oblique incidence light type fixed to the projection optical system PO. As 
shown in drawing 1 , it is fixed to the column which is not illustrated holding Lens-barrel PP, and it is 
fixed to a non-illustrated column as well as light transmission system 14a which irradiates the detection 
beam FB from across to the Wth page of a wafer, and this focal sensor 14 consists of light-receiving 
system 14b which receives the detection beam FB reflected with the Wth page of a wafer. The 
multipoint focal position detection system indicated as this focal sensor by JP,6-283403,A, U.S. Pat. No. 
5,448,332 corresponding to this, etc., for example is used. As long as the domestic statute of the 
appointed country which specified by this international application, or the selected selection country 
allows, the indication in the above-mentioned official report and the U.S. patent is used for, and it 
carries out to a part of publication of this specification. It is important for this focal sensor 14 (14a, 14b) 
to be fixed in one with Lens-barrel PP. 

So that clearly from old explanation with this operation gestalt Since the position of the 3 -dimensional 
XYZ direction of Reticle R is measured on the basis of the lens-barrel PP of a projection optical system 
PO and the position of the 3-dimensional XYZ direction of Wafer W is measured on the basis of the 
lens-barrel PP of a projection optical system PO There is no need that three persons of a projection 
optical system PO, a reticle stage RST, and the wafer stage WST support by the same supporter 
material, and even if each supports by separate supporter material, it does not interfere. That is, among 3 
persons of a projection optical system PO, a reticle stage RST, and the wafer stage WST, at all, even if 
there is no mechanical contact, it does not interfere. Moreover, since the main part of each 
interferometer which constitutes the interferometer systems 70 mentioned above is also measuring with 
reference to each fixed mirror attached in Lens-barrel PP, a projection optical system PO, a reticle stage 
RST, the wafer stage WST, and mechanical contact do not have the need. 

Furthermore, with this operation form, as shown in drawing 1 , the aforementioned alignment optical 
system ALG is being fixed to the side of a projection optical system PO. Various things, such as an 
image formation formula alignment sensor which irradiates broadband light at the alignment mark on 
Wafer W (or the space image measuring instrument FM), receives the reflected light as this alignment 
optical system ALG, and performs mark detection with an image-processing method, an alignment 
sensor of the LIA (Laser Interferometric Alignment) method which irradiates a laser beam at a grid mark 
and detects the diffracted light, and a scanned type probe microscope like AFM (atomic force 
microscope), can be used. Here, the image formation formula alignment sensor of the image-processing 
method with which the focal detection system was incorporated shall be used as alignment optical 
system ALG. The image formation formula alignment sensor by which this focal detection system was 
incorporated is indicated by JP,7-321030,A, U.S. Pat. No. 5,721,605 corresponding to this, etc. As long 
as the domestic statute of the appointed country which specified by this international application, or the 
selected selection country allows, the indication in the above-mentioned official report and the U.S. 
patent is used for, and it carries out to a part of publication of this specification. 
The composition of the control system relevant to the position and attitude control of Wafer W (wafer 
stage WST) and Reticle R (reticle stage WST) which were explained by every place until now is roughly 
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upper surface of the wafer stage WST, and adsorption maintenance of the wafer W is carried out by this 
wafer electrode holder. Moreover, mirror-plane processing is given to the side of a side besides the 
direction of Y in drawing 1 of this wafer stage WST, and reflector 74a to the light of a visible region is 
formed in it. Moreover, although illustration is omitted in drawing 1 , as shown in drawing 6 , mirror- 
plane processing is also given to the side of the direction unilateral of X of the wafer stage WST, and 
reflector 74b to the light of a visible region is formed. And in this aligner 10, the position to a projection 
optical system PO is correctly measured by the interferometer systems which irradiate a measurement 
beam at the aforementioned reflectors 74a and 74b. About these interferometer systems, it mentions 
later. 

The space image measuring instrument FM as a position detection system for performing measurement 
(the so-called base-line measurement) of the alignment optical system ALG the position where the 
pattern drawn by Reticle R is projected on the Wth page of a wafer, and relative-position -related etc. is 
formed in the end section on the upper surface of wafer stage WST (refer to drawing 1 ). This space 
image measuring instrument FM is equivalent to the reference-mark board of the conventional DUV 
aligner. 

The plan of this space image measuring instrument FM and drawing of longitudinal section are shown in 
drawing 9 (A) and (B), respectively. As shown in these drawings, the slits SLT1 and SLT2 as opening 
are formed in the upper surface of the space image measuring instrument FM. Patterning of these slits 
SLT1 and SLT2 is carried out to the reflecting layer 64 of the EUV light formed in the front face of the 
fluorescence generating matter 63 of the predetermined thickness fixed to the upper surface of the wafer 
stage WST. In addition, it may replace with a reflecting layer 64, an EUV absorption-of-light layer may 
be prepared, and opening may be formed in this absorption layer. 

Openings 66a and 66b are formed in the upper surface board of the wafer stage WST of the lower part of 
the aforementioned slits SLT1 and SLT2, respectively, and the optoelectric transducers PM, such as a 
photomultiplier, are arranged, respectively inside the wafer stage WST which counters these openings 
66a and 66b. Therefore, if the EUV light EL is irradiated by the space image measuring instrument FM 
from the upper part through a projection optical system PO, the EUV light which penetrated slits SLT1 
and SLT2 will reach the fluorescence generating matter 63, and this fluorescence generating matter 63 
will emit light with long wavelength compared with EUV light. Light is received by the optoelectric 
transducer PM and this light is changed into the electrical signal according to the luminous intensity. 
The output signal of this optoelectric transducer PM is also supplied to a main control unit 80. The 
physical relationship of slits SLT1 and SLT2 is a relation corresponding to physical relationship with the 
reticle alignment marks RM1 and RM4 (RM2, RM5, or RM3 and RM6) arranged along the direction of 
X on Reticle R mostly, and has come to be able to carry out simultaneous measurement of the reticle 
alignment marks RM1 and RM4 through slits SLT1 and SLT2 here in the case of the reticle alignment 
mentioned later. 

Next, the composition of the interferometer systems 70 (refer to drawing 10 ) which measure the 
position of a reticle stage RST and the wafer stage WST etc. is explained in full detail using drawing 6 . 
In addition, in drawing 6 , the laser interferometer which corresponds using the length measurement 
shaft of each laser interferometer is shown typically. 

These interferometer systems 70 are constituted including four laser interferometers REFX1, RIFX2, 
RIFY1, and RIFY2 which measure the position within XY side of a reticle stage RST, and four laser 
interferometers WIFX1, WIFX2, WIFY1, and WIFY2 which measure the position within XY side of the 
wafer stage WST. 

An interferometer RIFY1 measures the relative position of the direction of Y of the reticle stage RST to 
fixed mirror 72a in the projection position of measurement beam RDFY1M by projecting reference-beam 
RIFY1R on fixed mirror (reference mirror) 72a (referring to drawing 1 ) attached in the lens-barrel PP of 
a projection optical system PO, and receiving each reflected light while projecting measurement beam 
RCFYIM on reflector 40a of a reticle stage RST. 

Similarly, an interferometer RIFY2 measures the relative position of the direction of Y of the reticle 
stage RST to fixed mirror 72a in the projection position of measurement beam RIFY2M by projecting 
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shown to drawing 10 by the block diagram. Among the control systems shown in this drawing 10 , a 
main control unit 80 is constituted by the microcomputer (or workstation), and the memory (RAM) 81 
as storage is built in. The driving gear is constituted from this operation form by a main control unit 80 
and the magnetic-levitation type two-dimensional linear actuators 34 and 62. 

Next, operation of the exposure process after the 2nd layer (second layer) by the aligner 10 concerning 
the operation form of **** 1 constituted as mentioned above is explained. 
First, Reticle R is conveyed by the non-illustrated reticle conveyance system, and adsorption 
maintenance is carried out at the reticle holder RH of the reticle stage RST in a loading position. 
Moreover, Wafer W is laid on the wafer stage WST according to the wafer delivery mechanism in which 
it does not illustrate on a non-illustrated wafer conveyance system and the wafer stage WST. By 
completion of such a preparatory work, the sequence shown with the flow chart of drawing 12 starts. 
<Step 100> With a main control unit 80, position detection of the wafer alignment mark (one shot one 
piece or plurality) used as the sample object beforehand defined of the wafer alignment marks attached 
to each shot field of the wafer W on the wafer stage WST is first performed using the alignment optical 
system ALG, moving the wafer stage WST one by one. Z position of a wafer W front face is controlled 
by the main control unit 80 in the focal position of the alignment optical system ALG in the case of 
detection of this mark position. And an end of position detection of the wafer alignment mark of a 
sample shot searches for the array coordinate of all the shot fields on Wafer W in a main control unit 80 
using the statistical technique using the least-squares method indicated by JP,6 1-44429, A, U.S. Pat. No. 
4,780,617 corresponding to this, etc., using those data (this alignment technique is hereafter called 
"EGA (en hunger strike global alignment)"), or in a main control unit 80 The least-squares method 
indicated by JP,6-275496,A, the U.S. patent application No. (filing date of application : December 8, 
1995) 569,400 corresponding to this, etc., using the position detection data of two or more wafer 
alignment marks in the above-mentioned shot The deformation which contains the array coordinate of 
all the shot fields on Wafer W and the scale factor of each shot using the used statistical technique is 
calculated (this alignment technique is hereafter called "multipoint EGA in a shot"). As long as the 
domestic statute of the appointed country which specified by this international application, or the 
selected selection country allows, the above-mentioned U.S. patent corresponding to each above- 
mentioned official report and these and the indication in the above-mentioned U.S. patent application are 
used for, and it carries out to a part of publication of this specification. 

<Step 102> Thus, after alignment measurement is completed It is based on the shot interval which the 
result of the above-mentioned EGA shows, or the shot size which the result of the above-mentioned 
multipoint EGA in a shot shows. The controlled variable of the projection scale factor for calculating 
scale-factor change (X, Y scaling) of a shot, and making correctly the size of the direction of X of the 
image of a reticle pattern (the 2nd direction) in agreement with the size of the shot field on Wafer W 
according to the scale-factor variation, That is, the amount of Z direction drives of Reticle R is 
computed, and only the amount which carried out [ aforementioned ] calculation drives Reticle R to a Z 
direction (the vertical direction) through the magnetic-levitation type two-dimensional linear actuator 
34. For example, when expanding by 10 ppm from a predetermined scale factor, Reticle R is driven in 
the direction which separates only 40 micrometers from a projection optical system PO. 
<Step 104> By Z drive of the above-mentioned reticle R, since change of a projection scale factor and a 
position gap of the projection field of a reticle pattern image arise, with a main control unit 80, base-line 
measurement and measurement of a projection scale factor are performed as follows at this step 104. 
In a main control unit 80, the lighting light EL for exposure changes the slit board 44 to the position (the 
2nd position) which can irradiate 2nd slit 44b through a drive 46. Subsequently, the position of the wafer 
stage WST and a reticle stage RST is controlled by the main control unit 80 through the magnetic- 
levitation type two-dimensional linear actuators 62 and 34. While irradiating the reticle alignment marks 
RM1, RM4, RM2, RM5 J&M3, and RM6 drawn on Reticle R with the lighting light EL for two each 
exposure one by one It asks for the projection position to the Wth page top of the wafer of a reticle 
pattern image by detecting the projection image to the Wth page top of the wafer of the reticle alignment 
marks RM1, RM4, RM2, RMS, RM3, and RM6 respectively through the slits SLT1 and SLT2 of the 
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space image measuring instrument FM. That is, reticle alignment is performed. In case the 
aforementioned projection image is detected using the space image measuring instrument FM for this 
reticle alignment,Ithe offset corresponding to the amount of Z drives of Reticle R is given to the focal 
sensor 14, and a space image measuring instrument FM front face is controlled by the main control unit 
80 in the focal position. of a projection optical system PO so that dotage does not arise in the image 
obtained by Z clrive of Reticle R with the space image measuring instrument FM. Specifically, with a 
main control unit 80, when Reticle R is driven in the direction which separates only 40 micrometers 
from a projection optical system PO, since a projection scale factor is 1/4, 40x1 / 16= 2.5-micrometer 
offset is given to the focal sensor 14, feedback control of the Z position of the wafer stage WST is 
carried out through the magnetic-levitation type two-dimensional linear actuator 62 based on the output 
of this focal sensor 14, and only 2.5 micrometers of wafers W are brought close to a projection optical 
system PO. 

Next, in a main control unit 80, while moving through the magnetic-levitation type two-dimensional 
linear actuator 62 on the wafer stage WST so that the slits SLT1 or SLT2 of the space image measuring 
instrument FM may be located directly under the alignment optical system ALG, Z position of a space 
image measuring instrument FM front face is adjusted to the focal position of the alignment optical 
system ALG. And in a main control unit 80, based on the measurement value of the detecting signal of 
the alignment optical system ALG, and the interferometer systems 70 at that time, it asks for the 
projection position to the Wth page top of the wafer of the pattern image of Reticle R and the relative 
position of base lines of the alignment optical system ALG, i.e., the amount, indirectly, and the result of 
an operation is memorized in memory 81 . In addition, you may calculate the amount of base lines by 
forming another reference mark in the middle position of the slits SLT1 and SLT2 of the space image 
measuring instrument FM exactly, and detecting this reference fnark with thelalignment pptical system 
ALG. In this case, based on the detection result of the alignment optical system ALG, and the design 
value of the amount of base lines, the amount of base lines can be calculated mostly at accuracy. 
Moreover, in this step 104, it asks for a projection" scale factor with a main control unit 80 based on the 
interval of the projection image to the Wth page top of the wafer of the reticle alignment marks RM1 
and RM4 (RM2, RMS, or RM3 and RM6) arranged by non-scanning-direction **** on the reticle R 
detected respectively through the slits SLT1 and SLT2 of the space image measuring instrument FM on 
the occasion of the above-mentioned reticle alignment. 

<Step 106> In this step 106, it judges whether the adjustment residuum of a. projection scale factor has 
become below the allowed value (for example, 0.2 ppm) to 10 ppm in the target amount of scale-factor 
adjustments, and the upper example based on the result of scale-factor measurement of the above- 
mentioned step 104 with a main control unit 80. and . When the judgment in this step 106 is denied (i.e., 
when the adjustment residuum of a projection scale factor is over the allowed value), in order to 
reconfigure a projection scale factor, after returning to Step 102 and driving Reticle R to a Z direction 
again, with a main control unit 80, above-mentioned processing and judgment are repeated. On the other 
hand, in a main control unit 80, if the adjustment residuum of a projection scale factor has become 
below the allowed value when the judgment in Step 106 is affirmed namely, after changing the slit board 
44 to the position (the 1st position) where the lighting light EL for exposure is irradiated by 1st slit 44a 
through a drive 46, it will shift to the following step 108. 

<Step 108> In this step 108, exposure of a step and a scanning method is performed as follows with a 
main control unit 80, using EUV light as a lighting light EL for exposure. That is, in a main control unit 
80, while positioning the wafer stage WST to the scanning starting position of the 1st shot through the 
magnetic-levitation type two-dimensional linear actuator 62, carrying out the monitor of the positional 
information from interferometer systems 70 according to the positional information of each shot field on 
the wafer W for which it asked in the top, a reticle stage RST is positioned to a scanning starting 
position through the magnetic-levitation type two-dimensional linear actuator 34, and the lst-shot 
scanning exposure is performed. On the occasion of this scanning exposure, the speed of both stages is 
controlled by the main control unit 80 so that the velocity ratio of a reticle stage RST and the wafer stage 
WST is correctly in agreement with the projection scale factor of a projection optical system PO through 
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the magnetic-levitation type two-dimensional linear actuators 34 and 62, and it exposes in the state of 
the uniform synchronization of the velocity ratio which both stages require (imprint of a reticle pattern). 
Although Reticle R moves up and down during a scan, it acts as the monitor of it with Interferometer 
RIFZ, Z position of Reticle R and an inclination are maintained by the initial valve position, namely, 
movement of a reticle stage RST is controlled so that the residuum of a scale factor is maintained below 
at an allowed value. Thereby, the projection scale factor of the reticle pattern image of the scanning 
direction under this scanning exposure (the 1st direction) is controlled. In this way, an end of the lst- 
shot scanning exposure performs stepping operation between the shots which move the wafer stage 
WST to the scanning starting position of the 2nd shot. And the 2nd-shot scanning exposure is performed 
like ****. In this case, the 1st shot and the direction of scanning exposure with the 2nd shot are reverse 
sense, namely, when the lst-shot exposure is performed with the sense of the side else from the 
unilateral on a Y-axis, the 2nd-shot exposure is performed with the sense of an unilateral from the side 
else for operation which returns a reticle stage RST to be omitted and aim at improvement in a 
throughput. That is, a mutual scan is performed. Thus, stepping operation between shots and scanning 
exposure operation of a shot are repeated, and the pattern of Reticle R is imprinted by the step and the 
scanning method by all the shot fields on Wafer W. Signs that a reticle pattern is imprinted by two or 
more shot field S on Wafer W are shown in drawing 1 1 . In the case of drawing 1 1 , the shots per hour 
stored in a party is suitably made into even number and odd number so that the shot of an efficient 
perfect form may be obtained from one wafer. 

A series of down stream processing to one wafer W according to an aligner 10 as mentioned above is 
completed. 

In the above-mentioned scanning exposure and alignment, the inclination to a wafer W front face, and 
the interval of a projection optical system PO and XY flat surface is measured by the focal sensor (14a, 
14b) attached in the projection optical system PO in one, and the wafer stage WST is controlled so that 
the interval of a wafer W front face and a projection optical system PO and parallelism always become 
fixed through the magnetic-levitation type two-dimensional linear actuator 62 with a main control unit 
80. However, during scanning exposure, Z position desired value of a wafer W front face is set up in the 
focal position of a projection optical system PO, and is set up into alignment in the focal position of the 
alignment optical system ALG again. 

Moreover, in a main control unit 80, it is based on the predetermined positional information for 
adjustment measured by at least one of the laser interferometers RIFZ1, RIFZ2, and RIFZ3 for reticle 
side measurement. So that the interval of the projection optical system PO under exposure (under the 
imprint of a reticle pattern) and the pattern side of Reticle R may always be kept constant In accordance 
with Y shaft orientations, the synchronized drive of a reticle stage RST and the substrate stage WST is 
carried out, controlling the magnetic-levitation type two-dimensional linear actuator 34, and adjusting 
the position of the direction of an optical axis of the projection optical system PO of Reticle R (Z 
direction). In a main control unit 80, at the time of the synchronized drive of a reticle stage RST and the 
wafer stage WST, in this case, by every move direction of a reticle stage RST, the 1st shot, and the 2nd 
shot By at least one of the laser interferometers RIFZ1, RIFZ2, and RIFZ3 for reticle side measurement 
You may make it adjust the Z direction position of a reticle stage RST using the positional information 
for adjustment of the direction which corresponds in the move direction of the 1st measured positional 
information for adjustment, and the 2nd positional information for adjustment. You may make it adjust 
the inclination of Reticle R during a scan in a main control unit 80 using at least two of the laser 
interferometers RIFZ1, RIFZ2, and RDFZ3 for reticle side measurement. Moreover, it is not real-time 
amendment, and vertical movement of Reticle R is measured beforehand and Z position and the 
inclination of Reticle R may be controlled by the measurement value and interferometer. 
Therefore, since according to this operation gestalt the whole surface of the pattern of Reticle R is 
serially imprinted by scanning exposure on Wafer W and the position of the direction of an optical axis 
of the projection optical system of Reticle R is adjusted based on the positional information for 
adjustment in this case Although the reticle side of a projection optical system PO is a non-calling cent 
rucksack the direction of an optical axis of the reticle R under scanning exposure -- it can suppress 
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effectively that originate in a variation rate and a scale-factor error and a position gap arise in the imprint 
image of the pattern on Wafer W, and it becomes possible to pile up as a result and to aim at 
improvement in precision In moreover, the time of a reticle stage RST moving to the side else from an 
unilateral along with a Y-axis and the time of moving to an unilateral from the side else the position of 
the Z direction of the reticle R in ********** ? even if it is the case where variation rates differ by the 
mechanism-factor (move property of a stage), the control characteristic, etc. without it is influenced 
[ the ] -- highly precise -- Z positioning of Reticle R -- it can carry out -- the Z direction of Reticle R it 
can suppress more effectively that originate in a variation rate and a scale-factor error and a position gap 
arise in the imprint image of the pattern on Wafer W 

If the lighting light EL for exposure is irradiated from across to Reticle R by the illumination system 
which consists of light equipment 12 and lighting optical system (M, 44) according to the operation 
gestalt of **** 1 as explained to the detail above It is projected on the lighting light for exposure by 
which outgoing radiation was carried out from Reticle R by the projection optical system PO on Wafer 
W, and the pattern of the field on the reticle R illuminated with the lighting light EL for exposure is 
imprinted on Wafer W. At the time of the imprint of this reticle pattern, a driving gear (80, 34, 62) 
carries out the synchronized drive of the wafer W to Reticle R with the velocity ratio according to the 
projection scale factor of a projection optical system PO. This. The whole surface of the pattern of 
Reticle R is imprinted by the shot field on Wafer W. 

In advance of the imprint of this reticle pattern, with a main control unit 80, the alignment mark on 
Wafer W is detected using the alignment optical system ALG, the amount of expansion and contraction 
of a wafer is calculated based on this mark detection result, Reticle R is driven to a Z direction according 
to it, and the projection scale factor of the non-scanning direction of a projection optical system PO is 
adjusted (change). In addition, the projection scale factor of a scanning direction is realized by adjusting 
the synchronous-speed ratio of the reticle stage at the time of scanning exposure, and a wafer stage. 
With a main control unit 80, after change of the above-mentioned projection scale factor Using the 
image measuring instrument FM between wafer stage WST absentminded by detecting the space image 
of the reticle alignment marks RM1-RM6 through slits SLT1 and SLT2 (a kind of reference mark) 
While detecting the relative-position relation between the aforementioned slits SLT1 and SLT2 and the 
projection position to the wafer stage WST top of a reticle pattern image, the aforementioned slit slit 
SLT 1 (or SLT2) is detected using the alignment optical system ALG. That is, when the projection scale 
factor of a projection optical system PO is changed, the relative-position relation between the reference 
marks SLT1 and SLT2 on ** wafer stage and the projection position to the wafer stage WST top of the 
pattern image of Reticle R and reference-mark SLT1 (or SLT2) on ** wafer stage WST and the physical 
relationship based on [ of the alignment optical system ALG ] detection are detected by the main control 
unit 80. ** It calculates as a result than the detection result of **, the projection position ttxthe wafer 
stage WST top of the pattern image of Reticle R, and the physical relationship of base lines, i.e., so- 
called amount, based on [ of the alignment optical system ALG ] detection, therefore, a position gap of 
the projection position to the wafer W top of the reticle pattern image accompanying change of a 
projection scale factor -- an amendment -- things are made and it becomes possible to suppress 
degradation of the superposition precision accompanying change of a projection scale factor on 
prevention or sufficient level 

According to this operation gestalt, moreover, an illumination system (12M, 44) Since the catoptric 
system which irradiates the EUV light of a between with a wavelength of 5-1 5nm as a lighting light EL 
at Reticle R, and consists only of two or more reflected light study elements (M1-M4) as a projection 
optical system PO is used, Since a reticle pattern is imprinted by Wafer W through a projection optical 
system PO using EUV light, the highly precise imprint of a very detailed pattern, for example, 100 
nmL/S patterns, is possible. 

Moreover, according to this operation gestalt, interferometer systems 70 measure the relative position 
within XY side over the projection optical system PO of a reticle stage RST and the wafer stage WST. 
Since the relative position of the Z direction to the projection optical system PO of Reticle R is 
measured by laser interferometer RIFZ and the relative position of the Z direction to the projection 
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optical system PO of Wafer W is measured by the focal sensor 14 Even if the reticle stage RST, the 
wafer stage WST, and the projection optical system PO are supported by separate supporter material, 
there is no trouble. For this reason, since a reticle stage RST, the wafer stage WST, and a projection 
optical system PO do not need to be connected mechanically Vibration of the supporter material of the 
reaction force by the degree of acceleration and deceleration at the time of movement of a reticle stage 
RST and the wafer stage WST or each stage It does not have a bad influence on the image formation 
property of a projection optical system PO, or the reaction force by the degree of acceleration and 
deceleration at the time of movement of one stage does not have a bad influence on the behavior of the 
stage of another side through supporter material. 

According to this operation gestalt, moreover, the slit board 44 in lighting optical system 1st slit 44a 
which irradiates the lighting light EL at some reticle patterns, It has 2nd slit 44b which irradiates the 
lighting light EL to a reticle alignment mark. From the drive 46 which changes 1st slit 44a and 2nd slit 
44b to the lighting light EL being formed, a setup of the suitable lighting field for each at the time of 
exposure and alignment is attained with the same slit board 44. Moreover, the flexibility of the cross- 
section configuration of the lighting light irradiated toward Reticle R compared with the case where 
there is no slit board 44 in this case, from lighting optical system increases, and the flexibility of a 
design of the optical element which constitutes lighting optical system according to this improves. 
With this operation gestalt, the lighting light EL for exposure is the light of a soft X ray field, on the 
wafer stage WST Moreover, the fluorescence generating matter 63, The slits SLT1 and SLT2 formed in 
this front face of the thin film of the reflecting layer 64 of the lighting light EL for exposure, From 
having the space image measuring instrument FM as a position detection system which has the 
optoelectric transducer PM which carries out photo electric translation of the light which the 
fluorescence generating matter 63 emits, when the lighting light EL for exposure reaches the 
fluorescence generating matter 63 through these slits SLT1 and SLT2 Usually, although there is, when 
the matter which penetrates the light of a soft X ray field exists, and using this light as a lighting light 
for exposure, it uses the lighting light for exposure, and becomes measurable [ a space image ]. [ no ] It 
becomes possible to ask for the projection position on the wafer stage WST of a reticle pattern easily 
using this space image measuring instrument FM etc. 

Moreover, with this operation gestalt, since the pattern of Reticle R is formed of the absorber of the 
EUV light (lighting light for exposure) EL formed on the reflecting layer of the EUV light EL, the 
pattern restoration of it when the multilayer which consists of the reflective matter of the light of the soft 
X ray field which is the lighting light for exposure goes wrong unlike the case where patterning is 
carried out is attained. Moreover, by choosing the material of the above-mentioned absorber suitably, 
the above-mentioned reflecting layer and above-mentioned absorber of the lighting light for exposure 
can be mostly set as the same reflection factor to the length measurement beam (for example, light of a 
visible region) of Interferometer RIFZ, and it becomes possible to measure Z shaft-orientations position 
of Reticle R in the same precision mostly the whole surface on Reticle R. 

Moreover, although the above-mentioned operation gestalt explained the case where the circular lighting 
field IA was specified using the slit board 44, each optical member which constitutes not only this but 
lighting optical system does not necessarily need to form [ the lighting light EL ] the slit board 44 of a 
reticle R directly under, if it is designed so that it may become a circular form. 

Moreover, you may make a reticle alignment mark into the position of RM7-RM12 in drawing 5 instead 
of the position of RM1-RM6. The drive 46 is [ that there should just be a slit board which has only 1st 
slit 44a as a slit board 44 in this case ] unnecessary. Or a reticle alignment mark may be formed in all the 
positions of RM1-RM12, and these [ all ] may be used. 

The scale-factor change equipment which realizes change of a projection scale factor by the direction 
drive of an optical axis of the projection optical system PO of Reticle R is constituted from this 
operation gestalt by laser interferometer RIFZ for reticle side measurement, the magnetic-levitation type 
two-dimensional linear actuator 36, and the main control unit 80 so that clearly from old explanation. 
However, this invention is not limited to this. That is, the equipment which changes the optical property 
of a projection optical system PL may constitute by adjusting partially the curvature of some mirrors 
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which constitute a projection optical system PO for the scale-factor change equipment concerning this 
invention, or adjusting a mirror interval. 

An example of the projection optical system PO in which this kind of optical property change equipment 
59 was formed is shown in drawing 13 with the reticle stage RST and the wafer stage WST. In this 
drawing 13 , as for the 1st mirror Ml, the reflecting layer to EUV light is formed by metal of the 
multilayer which put two kinds of matter on the front face by turns. The change equipment 59 which 
changes the curvature of the reflector partially is put side by side to this 1st mirror Ml . The mechanism 
equipped with the driving shaft which pushes or lengthens the part by the side of the rear face of the 
reflector of the 1st mirror Ml can constitute this change equipment 59. In applying this invention to the 
aligner equipped with this change equipment 59, the synchronized drive of the wafer W is carried out to 
Reticle R, it precedes imprinting the pattern of Reticle R on Wafer W through a projection optical 
system PO, and change equipment 59 adjusts the optical property of a projection optical system PO. 
And what is necessary is just to adjust the physical relationship of Reticle R, the projection field of the 
pattern image in a synchronized drive with Wafer W, and a wafer at the time of the imprint to the wafer 
W of a reticle pattern, so that the shift of the projection field of a pattern image in the image field of a 
projection optical system PO which originates in adjustment of the aforementioned optical property and 
is produced may be compensated. Adjustment of this physical relationship like the above-mentioned 
operation gestalt after adjustment of an optical property You may carry out based on the result which 
performed base-line measurement and calculated the shift amount of the projection field of a pattern 
image in the image field of a projection optical system PO. It is based on the relation of the amount of 
adjustments of an optical property and the shift amount of the projection field of the aforementioned 
pattern image which were calculated beforehand, or by calculation The amount of change of the 
aforementioned shift amount or the amount of base lines is calculated, and you may make it adjust the 
scanning starting position for exposure of each shot field of Wafer W based on this result, degradation of 
the superposition precision accompanying adjustment of an optical property by this - prevention - or it 
can fully suppress 

Moreover, although it is also possible to change the temperature of a reticle and to control a scale factor 
as a method of changing the optical property of a projection optical system including image formation 
properties, such as a projection scale factor to the wafer top of a reticle pattern a position gap of the 
pattern image which originates in change of a projection scale factor etc. even if it may perform base- 
line measurement with the application of this invention and is this case, when changing a projection 
scale factor etc. by this technique an amendment -- things are made 

Moreover, although the above-mentioned operation gestalt explained the case where a projection scale 
factor was controlled, based on the result of wafer alignment The case where a projection scale factor is 
controlled based on the projection scale factor into which it is put by the exposure conditioning file not 
only this but beforehand, When the temperature of a reticle has risen by exposure light etc. during 
exposure, even if it is the case where a scale factor is controlled according to the amount of thermal 
expansion of the reticle etc. the case where a reticle is made to go up and down for the scale-factor 
control — it — responding — the above — the same — the amount of base lines - an amendment -- 
position gap amendment of the pattern image accompanying change of a scale factor is attained by 
things 

In addition, although the case where the alignment optical system of an off-axis was used as a mark 
detection system was illustrated with the above-mentioned operation gestalt If this invention is not 
limited to this and an exposure position differs from the irradiation position of an alignment beam Even 
if it is the case where the alignment optical system of on-axes, such as a TTL (Through The Lens) 
method and a TTR (Through The Reticle) method, is used as a mark detection system, it is effective to 
perform base-line measurement after scale-factor change. 

Moreover, although the above-mentioned operation gestalt explained the case where measurement of the 
reticle alignment mark by the space image measuring instrument FM and measurement of the reference 
mark by the alignment optical system ALG were performed to non-****, you may be made to perform 
detection (space image measurement) of the reticle alignment mark through the above-mentioned slits 
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SLT1 and SLT2, and measurement of the reference mark by the alignment optical system ALG 
simultaneously not only using this but using a big space image measuring instrument. In this case, it is 
desirable to lean the front face of the space image measuring instrument FM so that Z position of a space 
image measuring instrument FM front face may be controlled by each position of the space image 
measuring instrument FM and a reference mark by each focal position of a projection optical system PO 
and the alignment optical system ALG. 

By the way, since the wafer of the same lot is processed in the same process, it is surmised that the same 
is almost said of the amount of expansion and contraction of a wafer. It follows, for example, supposing 
one lots are 20 wafers, the amount of expansion and contraction of the wafer for which it asked by the 
1st sheet of the beginning, and the amount of expansion and contraction of the 2-20th wafers will be 
greatly expected not to be different. When the numeric value was mentioned concretely and the 10 ppm 
of the 1st wafer are extended to the reference value (for example, design value), it turns out after the 2nd 
sheet that it is the elongation of Abbreviation (10**0.5) ppm from experience to the reference value. 
Supposing that is right, after keeping away Reticle R from the 40-micrometer projection optical system 
PO at the time of exposure of a wafer of the 1st sheet, if Reticle R is driven to a Z direction within the 
limits of **2 micrometers on the basis of the position (vertical movement), in the case of exposure of the 
wafer after the 2nd sheet, it will be sufficient. The shift amount on the wafer of the reticle image 
corresponding to Z drive of this reticle R is **25nm. Therefore, though no less than 10% of error arises 
for a certain reason, the error is about **2.5nm in value. There will be no need of this value being 
equivalent to the measurement reproducibility of the base line, and carrying out re-measurement 
purposely. 

It is the 2nd following operation gestalt which was made in view of this situation. 
« - operation gestalt [ of ** a 2nd ]» 

Next, the 2nd operation gestalt of this invention is explained based on drawing 14 . This 2nd operation 
gestalt is the same as the 1st operation gestalt, and since it is only that a part of control action of the 
exposure process after the 2nd layer (second layer) by the main control unit 80 differs, it explains an 
equipment configuration etc. focusing on this point below. In addition, the same sign as the 1st operation 
gestalt shall be used about each component here. 

It is a time of preparatory works, such as wafer loading (in and the case reticle loading), being 
completed that the sequence shown with the flow chart of drawing 13 starts. 
In Step 200, like Step 100 mentioned above in the main control unit 80, EGA etc. performs wafer 
alignment and it sets to the following step 202. The controlled variable of the projection scale factor for 
making the size of a reticle pattern image correctly in agreement with the size of the shot field on Wafer 
W based on alignment measurement results, such as the above-mentioned EGA That is, the amount of Z 
direction drives of Reticle R is computed, and only the amount which carried out [ aforementioned ] 
calculation drives Reticle R to a Z direction (the vertical direction) through the magnetic-levitation type 
two-dimensional linear actuator 34. 

At the following step 204, it judges whether the wafer W for exposure is the head of a lot in a main 
control unit 80. And like [ when this judgment is affirmed ] Step 106->102->104 of the 1st operation 
gestalt which progressed to Step 208 and was mentioned above after that, until the adjustment residuum 
of a projection scale factor becomes below an allowed value (for example, 0.2 ppm) With a main control 
unit 80, comparison with the allowed value of Z drive of Reticle R, base-line measurement and 
projection scale-factor measurement, and the adjustment residuum of a projection scale factor is 
repeated by the loop of Step 210->202->204->208->210. And if it becomes below the allowed value of 
the adjustment residuum of a projection scale factor, like Step 108 which progressed to Step 212 and 
was mentioned above, with a main control unit 80, exposure of a step and a scanning method will be 
performed using EUV light as a lighting light EL for exposure, and a series of down stream processing 
to one wafer W will be ended. Thus, to the wafer of a lot head, the same operation as the 1st operation 
gestalt mentioned above is performed. Therefore, in advance of exposure of the wafer of this lot head, 
the amount of base lines actually measured in Step 208 is memorized by the memory 81 as storage. 
On the other hand in the case of exposure of the wafer W after this 2nd sheet that is lots Since the 
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judgment in the above-mentioned step 204 is denied, it progresses to Step 206. The proportionality 
constant F which does not perform base-line measurement but shows the relation between the amount of 
Z drives of the known reticle R, and the shift amount of the reticle pattern image on Wafer W with a 
main control unit 80 For example, F-12.5nm/lmicrometer=12. 5x10-3 It uses, and asks for change of the 
amount of base lines by calculation, and the amendment of base lines, i.e., the amount, is updated for the 
amount of base lines memorized by memory 81 based on this calculation result. 
And like Step 108 which progressed to Step 212 after renewal of this amount of base lines, and was 
mentioned above, with a main control unit 80, exposure of a step and a scanning method is performed 
using EUV light as a lighting light EL for exposure, and a series of down stream processing to one wafer 
W is ended. 

With the operation gestalt of **** 2, not only a control unit but calculation equipment and the 2nd 
control unit are realized by the function of a main control unit 80 so that clearly from old explanation. 
In order to face imprinting a reticle pattern to wafers other than a lot head and to change the projection 
scale factor of a projection optical system PO, when Z drive of Reticle R is done according to the 
operation gestalt of **** 2 explained above, in a main control unit 80, the amount of base lines 
memorized in memory 8 1 based on the relation between the amount of Z drives of the known reticle R 
and the shift amount of the reticle pattern image on Wafer W is amended by calculation, therefore, a 
position gap of the projection position to the wafer top of the reticle pattern image accompanying change 
of a projection scale factor only by calculation - an amendment -- things are made, in degradation of the 
superposition precision accompanying change of a projection scale factor, it can fully suppress and the 
prevention or the part, and the improvement in a throughput which moreover do not carry out re- 
measurement of the base line are attained 

In addition, it replaces with the judgment in Step 204 of the above-mentioned operation gestalt, and you 
may make it judge whether the amount of change of the scale factor in Step 202 is larger than a 
predetermined threshold. Even if it is this case, an effect equivalent to the above can be acquired. 
Namely, the concept of amendment of the amount of base lines by the calculation adopted with the 
operation gestalt of **** 2 demonstrates an effect especially in the small, the amount of Z drives of 
Reticle R, i.e., the controlled variable of a projection scale factor, range. 

Moreover, of course, from the design information of a projection optical system PO, although it is 
known, in the process which assembles and adjusts an aligner, you may actually measure beforehand the 
shift amount of the reticle image on the wafer W to the amount of Z drives of the above-mentioned 
reticle R. 

In addition, while including the illumination system and projection optical system which consist of the 
light source, two or more lenses, etc. in an aligner main part and carrying out optical adjustment The 
reticle stage and wafer stage which consist of many machine parts, the two-dimensional linear actuators 
34 and 62, and Interferometer RIFZ The 70th grade can be attached in an aligner main part, wiring and 
piping can be connected, each part to control systems, such as a main control unit which constitutes 
scale-factor change equipment, a compensator, etc., can be connected, and the aligner 10 of this 
operation gestalt can be manufactured by carrying out comprehensive adjustments (electric adjustment, 
check of operation, etc.) further. In addition, it is desirable to perform manufacture of an aligner in the 
clean room where temperature, the air cleanliness class, etc. were managed. 

In addition, the projection optical system shown with the above 1st and the 2nd operation gestalt and 
lighting optical system are mere examples, and, of course, this invention is not limited to this, moreover 
-- although the above-mentioned operation gestalt explained the case where it was applied to the EUV 
aligner which this invention equipped with a reflected type reticle and all catoptric system -- this 
invention « a mask side -- a non-calling cent -- if it is the aligner from which it has a rucksack 
projection optical system, and the projection position on the substrate of a mask pattern image shifts by 
change of the projection scale factor of a projection optical system - a scanned type and quiescence 
exposure type -- fair — suitable -- being applicable . 

Moreover, a projection scale factor is changed, and the technical thought of this invention called an 
amendment in a position gap of the pattern image resulting from the change is suitably applicable [ with 
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movement of the direction of a projection-optical-system optical axis of a mask ] similarly, if it is the 
aligner which uses not only an EUV aligner but the combination of a reflected type mask and catoptric 
system. 

In addition, in order to calculate the shift amount of a projection image and the amount of change of the 
base line accompanying changing actively the image formation property of the projection image of a 
reticle pattern, and the optical property of a projection optical system using the upper and lower sides of 
a reticle, or the change equipment of an optical property in old explanation, Although it explained 
redoing base-line measurement Since the amount of base lines is changed also according to the thermal 
expansion of the reticle resulting from the reticle itself absorbing the lighting light for exposure, When 
the allowed value of the thermal-expansion variation of this reticle itself is set up beforehand, the 
thermal expansion of the reticle under exposure is supervised and it reaches an allowed value, you may 
make it redo base-line measurement. For example, while asking for the function of the relative relation 
between the lighting optical absorption of a reticle, and thermal expansion beforehand by an experiment 
or the simulation, and installing the quantity of light monitor in the reticle stage, for example, measuring 
the quantity of light during wafer exchange After updating one by one and completing exposure of a 
wafer, calculating the irradiation quantity of light by the operation using the measurement value of the 
quantity of light monitor during exposure of the wafer, and computing the thermal-expansion variation 
of a reticle at a suitable interval using the irradiation quantity of light and the aforementioned function 
What is necessary is to judge whether the thermal-expansion variation at that time has reached the 
above-mentioned allowed value, and just to make it redo base-line measurement, when the allowed 
value is reached. In addition, it is also good to measure with the space image measuring instrument FM 
which mentioned the projection image of a reticle mark above in this case. Moreover, even if it is not 
every exposure end of one wafer, you may make a judgment whether the above-mentioned allowed 
value is reached for every exposure end of the wafer of predetermined number of sheets. 
In addition, what the temperature distribution of a reticle are measured based on the measurement value 
of the temperature sensor prepared in the reticle stage, and presumes the thermal-expansion variation of 
a reticle based on these temperature distribution is possible. In this case, based on survey, the thermal- 
expansion variation of a reticle can be presumed somewhat correctly irrespective of under irradiation of 
the lighting light for exposure, and an irradiation halt. 

Since similarly each mirror which constitutes a projection optical system also deforms by the lighting 
absorption of light and image formation properties, such as distortion of a projection optical system, are 
also changed by this The allowed value of the variation of this image formation property or the 
deformation of a mirror is beforehand set up like the above-mentioned reticle thermal expansion. The 
variation of an image formation property or the deformation of a mirror is supervised similarly, and 
when this variation reaches an allowed value, you may make it redo using the space image measuring 
instrument FM which mentioned above base-line measurement and image formation property 
measurement. In addition, although the above-mentioned reticle thermal-expansion variation and image 
formation property variation are calculated by the operation, to say nothing of calculating the variation 
synthesizing the change under exposure light irradiation (direction where temperature rises), and the 
change under exposure light irradiation halt (direction to which temperature falls), of course in this case, 
a function relative-related [ above-mentioned ] means such a function. 

Moreover, in each above-mentioned operation gestalt, you may use EUV light with a wavelength [ not 
only EUV light with a wavelength of 13.4nm but ] of 1 1.5nm as a lighting light EL. In this wavelength 
region, the multilayer to which the laminating of molybdenum and the beryllium was carried out by 
turns will be formed on the surface of an optical element. In addition, in order to imprint 70 nmL/S 
patterns or 50nm isolated pattern, in EUV light with a wavelength of 13.4nm, the projection optical 
system whose numerical aperture is 0.1 to about 0.12 is used, and the projection optical system whose 
numerical aperture is 0.08 to about 0. 1 is used with the EUV light which is the wavelength of 1 1 .5nm. 
furthermore -- although tape targets, such as a copper tape, shall be used in the light equipment 12 of the 
above-mentioned operation gestalt instead, a gas-jet target or an air conditioner Io ~ you may use a 
target etc. Moreover, you may use SOR instead of the laser plasma light source. 
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Moreover, although the above-mentioned operation gestalt explained the case where a lighting field was 
circular, it is possible not only this but to specify a lighting field in the shape of a rectangle slit, even if it 
is an EUV aligner. However, it is necessary to increase a little the number of sheets of the mirror which 
constitutes a projection optical system in this case. 

the [ in addition, / the above 1st and ] - in 2 operation gestalten, although the pattern side of Reticle R 
was approached and the working blind 42 and the field diaphragm (slit board) 44 have been arranged, 
you may arrange at least one side of a blind 42 and a field diaphragm 44 to the pattern side of Reticle R, 
and an almost conjugate field within lighting optical system 

Moreover, although each above-mentioned above-mentioned operation gestalt explained the case where 
this invention was applied to the aligner which uses EUV light as a lighting light for exposure Not only 
in this, for example, the reflective system which consists only of a reflected light study element as a 
projection optical system even if it is an aligner using ultraviolet radiation, Or if it is equipment which 
adopted the reflective refraction system (KATADDIOPUTO rucksack system) which has a reflected 
light study element and a dioptrics element, the same effect can be acquired with the application of this 
invention. For example, it is possible to use a reflective refraction system as a projection optical system 
with the aligner using vacuum-ultraviolet light (VUV light) with a wavelength of about 200nm or less. 
In this case, you may make it use the same optical property change equipment as drawing 13 which 
changes some curvatures of reflected light study elements (a concave mirror, mirror, etc.) and which was 
mentioned above as scale-factor change equipment. 

U.S. Pat. No. 5,668,672 here corresponding to [ for example ] JP,8-171054,A and this as a reflective 
refraction type projection optical system, And are indicated by JP, 10-20 195, A, U.S. Pat. No. 5,835,275 
corresponding to this, etc. The reflective refraction system which has a beam splitter and a concave 
mirror as a reflected light study element, Or JP,8-334695,A and U.S. Pat. No. 5,689,377 corresponding 
to this, And the reflective refraction system which is indicated by JP,10-3039,A, the U.S. patent 
application No. (filing date of application : June 12, 1997) 873,605 corresponding to this, etc. and which 
has a concave mirror etc., without using a beam splitter as a reflected light study element can be used. 
As long as the domestic statute of the appointed country which specified by this international 
application, or the selected selection country allows, each above-mentioned official report, the U.S. 
patent corresponding to these, and the indication in the U.S. patent application are used for, and it carries 
out to a part of publication of this specification. 

In addition, two or more dioptrics elements and two mirrors (with the primary mirror which is a concave 
mirror) which are indicated by U.S. Pat. No. 5,031,976, No. 5,488,229, and No. 5,717,518 The plane of 
incidence of a refraction element or a plane-parallel plate and the secondary mirror which is a rear-face 
mirror in which a reflector is formed in an opposite side may be arranged on the same shaft, and the 
reflective refraction system which carries out re-image formation of the middle image of the reticle 
pattern formed of two or more of the dioptrics elements on a wafer by the primary mirror and the 
secondary mirror may be used. By this reflective refraction system, a primary mirror and a secondary 
mirror are arranged after two or more dioptrics elements, it will be reflected in order of a secondary 
mirror and a primary mirror through some primary mirrors, and lighting light will reach on a wafer 
through a part of secondary mirror further. As long as the domestic statute of the appointed country 
which specified by this international application, or the selected selection country allows, the indication 
in the above-mentioned U.S. patent is used for, and it carries out to a part of publication of this 
specification. 

Furthermore, as a reflective refraction type projection optical system, it has the circular image field, for 
example, and while both body side and image surface sides are tele cent rucksacks, you may use the 
reduction system from which the projection scale factor becomes 1/4 time or 1/5 time. Moreover, you 
may be the type specified in the shape of [ which is prolonged along the direction which in the case of 
the scanned type aligner equipped with the this reflective refraction type projection optical system the 
irradiation field of lighting light centers on the optical axis mostly within the visual field of a projection 
optical system, and intersects perpendicularly with the scanning direction of a reticle or a wafer mostly ] 
a rectangle slit. According to the scanned type aligner equipped with the this reflective refraction type 
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projection optical system, even if it uses F2 laser beam with a wavelength of 157nm as a lighting light 
for exposure, for example, it is possible to imprint the detailed pattern about 100 nmL/S patterns with 
high precision on a wafer. 

although the above-mentioned operation gestalt explained the case where the scale factor which is a kind 
of an optical property was adjusted mainly using optical property change equipment, in order that [ in 
addition, ] this may adjust the shift (position gap) of the projection field of a pattern image a 
projection scale factor — adjusting -- a body side side — a tele cent -- it is the rucksack latus concept in 
which a scale factor also contains distortion since it comes out and distortion is adjusted by vertical 
movement of a reticle in a certain case 

Moreover, although ArF excimer laser light, F2 laser beam, etc. are used as a vacuum-ultraviolet light, 
the single wavelength laser beam of the infrared region oscillated from DFB semiconductor laser or a 
fiber laser or a visible region may be amplified with the fiber amplifier with which the erbium (or both 
an erbium and ITTORffilUMU) was doped, and the higher harmonic which carried out wavelength 
conversion may be used for ultraviolet radiation using a nonlinear optical crystal. 
For example, if oscillation wavelength of single wavelength laser is made into within the limits of 1 .5 1 - 
1.59 micrometers, the 10 time higher harmonic which is within the limits the 8 time higher harmonic 
which is within the limits whose generating wavelength is 189-199nm, or whose generating wavelength 
is 151-159nm will be outputted. If the ultraviolet radiation from which generating wavelength will turn 
into the same wavelength mostly if especially oscillation wavelength is made into within the limits of 
1.544-1.553 micrometers, the 8 time higher harmonic, i.e., the ArF excimer laser light, within the limits 
which are 193-194nm, is obtained and oscillation wavelength is made into within the limits of 1.57-1.58 
micrometers, the ultraviolet radiation from which generating wavelength turns into the same wavelength 
with the 10 time higher harmonic within the limits which are 157-158nm, i.e., F2 laser beam, mostly 
will be obtained. 

Moreover, if the 7 time higher harmonic which is within the limits whose generating wavelength is 147- 
160nm when oscillation wavelength is made into within the limits of 1.03-1 .12 micrometers is outputted 
and especially oscillation wavelength is made into within the limits of 1.099-1.106 micrometers, the 
ultraviolet radiation from which generating wavelength turns into the same wavelength with the 7 time 
higher harmonic within the limits which are 157-158 micrometers, i.e., F2 laser beam, mostly will be 
obtained. In this case, as single wavelength oscillation laser, for example, an ITTORffilUMU dope fiber 
laser can be used. 

Moreover, in order to manufacture the reticle or mask used not only with micro devices, such as a 
semiconductor device, but with an optical aligner, an EUV aligner, an X-ray aligner, electron-beam- 
lithography equipment, etc., this invention is applicable also to the aligner which imprints a circuit 
pattern to a glass substrate or a silicon wafer. Generally by the aligner using DUV (far-ultraviolet) light, 
VUV (vacuum ultraviolet) light, etc., a penetrated type reticle is used here, and quartz-glass, quartz- 
glass [ with which the fluorine was doped ], fluorite, and magnesium fluoride, crystal, etc. are used as a 
reticle substrate. Moreover, with the X-ray aligner or electron-beam-lithography equipment of a pro 
squeak tee method, a penetrated type mask (a stencil mask, membrane mask) is used, and a silicon wafer 
etc. is used as a mask substrate. 

Of course, this invention is applicable to the aligner which imprints the device pattern which is used for 
manufacture of the display not only containing an aligner but the liquid crystal display element used for 
manufacture of a semiconductor device, and which is used for manufacture of the aligner which imprints 
a device pattern on a glass plate, and the thin film magnetic head on a ceramic wafer, the aligner used 
for manufacture of image pck-up elements (CCD etc.). 
«device manufacture method» 

Next, the operation gestalt of the manufacture method of the device which used the lithography system 
(aligner) and the exposure method which were mentioned above at the lithography process is explained. 
The flow chart of the example of manufacture of devices (semiconductor chips, such as IC and LSI, a 
liquid crystal panel, CCD, die thin film magnetic head, micro machine, etc.) is shown in drawing 15 . As 
shown in drawing 15 , first, in Step 201 (design step), the functional ability designs (for example, circuit 
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design of a semiconductor device etc.) of a device are performed, and the pattern design for realizing the 
function is performed. Then, the mask in which the designed circuit pattern was formed is manufactured 
in Step 202 (mask manufacture step). On the other hand, in Step 203 (wafer manufacture step), a wafer 
is manufactured using material, such as silicon. 

Next, in Step 204 (wafer processing step), an actual circuit etc. is formed on a wafer with lithography 
technology etc. so that the mask and wafer which were prepared at Step 201 - Step 203 may be used and 
mentioned later. Subsequently, in Step 205 (device assembly step), device assembly is performed using 
the wafer processed at Step 204. Processes, such as a dicing process, a bonding process, and a packaging 
process (chip enclosure), are included in this step 205 if needed. 

Finally, in Step 206 (inspection step), the check test of the device produced at Step 205 of operation, an 
endurance test, etc. are inspected. After passing through such a process, a device is completed, and this 
is shipped. 

The detailed example of a flow of the above-mentioned step 204 in the case of a semiconductor device is 
shown in drawing 16 . In drawing 16 , the front face of a wafer is oxidized in Step 21 1 (oxidization 
step). An insulator layer is formed in a wafer front face in Step 212 (CVD step). In Step 213 (electrode 
formation step), an electrode is formed by vacuum evaporationo on a wafer. Ion is driven into a wafer in 
Step 214 (ion implantation step), the above step 21 1 - Step 214 - each constitutes the head end process 
of each stage of wafer processing, and is chosen and performed according to required processing in each 
stage 

In each stage of a wafer process, an end of an above-mentioned head end process performs a tail end 
process as follows. By down stream processing, a sensitization agent is first applied to a wafer in Step 
215 (resist formation step) after this. Then, in Step 216 (exposure step), the circuit pattern of a mask is 
imprinted to a wafer by the lithography system (aligner) and the exposure method which were explained 
in the top. Next, the wafer exposed in Step 217 (development step) is developed, and the outcrop 
material of portions other than the portion into which the resist remains is removed by etching in Step 
218 (etching step). And the resist which etching ended and became unnecessary is removed in Step 219 
(resist removal step). 

By carrying out by repeating the head end process and tail end process of these, a circuit pattern is 
formed on a wafer multiplex. 

If the device manufacture method of this operation gestalt explained above is used, since the exposure 
method explained in the exposure process (Step 216) in the above-mentioned aligner 10 and the top will 
be used, a highly-integrated device is producible with the sufficient yield with improvement in exposure 
precision including improvement in superposition precision. 

Availability on industry As explained above, the aligner and the exposure method concerning this 
invention are suitable for forming a two or more layers detailed pattern with a sufficient precision in 
piles on substrates, such as a wafer, in the lithography process which manufactures micro devices, such 
as an integrated circuit. Moreover, the device manufacture method concerning this invention is suitable 
for manufacture of the device which has a detailed pattern. 
[Brief Description of the Drawings] 

Drawing 1 is drawing showing roughly the composition of the aligner of the 1st operation gestalt of this 
invention. 

Drawing 2 is drawing showing the internal configuration of the light equipment of drawing 1 . 
Drawing 3 is the left lateral view of the light equipment of drawing 2 . 

Drawing 4 is drawing showing each part of composition near the reticle stage of drawing 1 in detail. 
Drawing 5 is the oudine plan of a reticle. 

Drawing 6 is drawing for explaining the composition of the interferometer systems which measure the 
position in XY flat surface of a reticle stage and a wafer stage. 

Drawing 7 is the plan showing the slit board of drawing 1 , and an example of the drive. 

Drawing 8 is drawing showing roughly the internal configuration of the projection optical system of 

drawing 1 . 

Drawing 9 A is the plan showing a space image measuring instrument. 
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Drawing 9 B is the side elevation showing the space image measuring instalment of drawing 9 A. 

Drawing 10 is the block diagram showing roughly the composition of the control system relevant to the 

position and attitude control of a wafer (wafer stage) and a reticle (reticle stage). 

Drawing 1 1 is drawing showing signs that a reticle pattern is imprinted by two or more shot field on a 

wafer. 

Drawing 12 is a flow chart for explaining the exposure sequence of the aligner of the 1st operation 
gestalt. 

Drawing 13 is drawing for explaining a modification. 

Drawing 14 is drawing for explaining the exposure sequence of the aligner of the 2nd operation gestalt. 
Drawing 15 is a flow chart for explaining the operation gestalt of the device manufacture method 
concerning this invention. 

Drawing 16 is a flow chart which shows the processing in Step 204 of drawing 15 . 
Drawing 17 is drawing for explaining Object of the Invention. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the aligner which imprints the pattern of a mask on a substrate. The illumination system 

and; which irradiate the lighting light for exposure at the aforementioned mask. 

The projection optical system and; which project the aforementioned lighting light for exposure by 

which outgoing radiation was carried out from the aforementioned mask on the aforementioned 

substrate. 

Scale-factor change equipment and; which change the projection scale factor of the aforementioned 
projection optical system. 

The substrate stage and; holding the aforementioned substrate. 

The mark detection system and; which detect the mark which exists on the aforementioned substrate 
stage. 

The aligner equipped with an amendment compensator for a projection position gap of the 
aforementioned mask pattern using the amount of base lines of the aforementioned mark detection 
system corresponding to after the scale-factor change when a scale factor is changed by the 
aforementioned scale-factor change equipment on the occasion of the imprint of a up to [ the 
aforementioned substrate of the aforementioned mask pattern ]. 

[Claim 2] The aligner according to claim 1 characterized by providing the following. On the 
aforementioned substrate stage, at least one reference mark containing a specific reference mark is 
formed. It has further the position detection system which detects the relative-position relation between 
the aforementioned specific reference mark and the projection position to the aforementioned substrate 
stage top of the pattern image of the aforementioned mask. Result [ the aforementioned compensator 
detected the aforementioned relative-position relation using the aforementioned position detection 
system ]. The control unit which calculates the aforementioned amount of base lines corresponding to 
after the aforementioned scale-factor change based on the result to which the relation between the 
aforementioned specific reference mark on the aforementioned substrate stage and this reference mark 
detected known one side of a different reference mark using the aforementioned mark detection system. 
[Claim 3] In an aligner according to claim 2 The aforementioned mark-detection system has a focal 
detection system. The aligner characterized by to have further the adjusting device which adjusts the 
position of the aforementioned optical-axis direction of the aforementioned substrate stage so that the 
aforementioned mark may be located in the focal position of the aforementioned mark-detection system 
based on the detection result of the aforementioned focal detection system in the case of detection of the 
mark which exists on the aforementioned substrate stage by the aforementioned mark-detection system. 
[Claim 4] The aligner according to claim 1 characterized by providing the following. On the 
aforementioned substrate stage, at least one reference mark containing a specific reference mark is 
formed. It has further the position detection system which detects the relative-position relation between 
the aforementioned specific reference mark and the projection position to the aforementioned substrate 
stage top of the pattern image of the aforementioned mask. The aforementioned compensator is as a 
result of [ of the aforementioned position detection system ] detection. Storage which memorizes 
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beforehand the amount of base lines of the aforementioned mark detection system computed based on 
the result to which the relation between the aforementioned specific reference mark on the 
aforementioned substrate stage and this reference mark detected known one side of a different reference 
mark using the aforementioned mark detection system. It is amendment calculation equipment by 
calculation about the aforementioned amount of base lines memorized by the aforementioned storage 
according to the scale factor by which a change was made [ aforementioned ]. 
[Claim 5] The aligner according to claim 2 or 4 characterized by providing the following. The 
aforementioned lighting light for exposure is the light of a soft X ray field. It is prepared on the 
aforementioned substrate stage and the aforementioned position detection system is the fluorescence 
generating matter. Opening which serves as the aforementioned specific reference mark formed in this 
front face of the thin film which consists of either the reflecting layer of the aforementioned lighting 
light for exposure, or an absorption layer. The optoelectric transducer which carries out photo electric 
translation of the light which the aforementioned fluorescence generating matter emits when the 
aforementioned lighting light for exposure reaches the aforementioned fluorescent substance through the 
aforementioned opening. 

[Claim 6] In an aligner according to claim 1 The aforementioned scale-factor change equipment is an 
aligner characterized by being equipment which drives the aforementioned mask in the direction of an 
optical axis of the aforementioned projection optical system. 

[Claim 7] In an aligner according to claim 1 The aforementioned projection optical system is the optical 
system containing a reflected light study element. The aforementioned scale-factor change equipment is 
an aligner characterized by being optical property change equipment which changes the optical property 
of the aforementioned projection optical system. 

[Claim 8] In an aligner according to claim 7 The aforementioned optical property change equipment is 
an aligner characterized by changing the curvature of the aforementioned reflected light study element. 
[Claim 9] In an aligner according to claim 1 The aforementioned projection optical system It is the 
optical system containing a reflected light study element. The mask stage holding the aforementioned 
mask, It has further the driving gear which carries out the synchronized drive of this mask stage and the 
aforementioned substrate stage in the 1st direction which intersects perpendicularly in the direction of an 
optical axis of the aforementioned projection optical system. The aforementioned scale-factor change 
equipment The aligner characterized by being equipment which changes the scale factor of the 2nd 
direction which drives the aforementioned mask in the direction of an optical axis of the aforementioned 
projection optical system through the aforementioned mask stage, and intersects perpendicularly in the 
direction of an optical axis and the 1st direction of the above of the aforementioned projection optical 
system. 

[Claim 10] In an aligner according to claim 9 The aforementioned lighting light for exposure is an 
aligner characterized by being the light of a vacuum-ultraviolet region. 

[Claim 1 1] In an aligner according to claim 9 It is the aligner which the aforementioned projection 
optical system is catoptric system which consists only of a reflected light study element, and is 
characterized by the aforementioned mask being a reflected type mask. 

[Claim 12] In an aligner according to claim 1 1 The aforementioned lighting light for exposure is an 
aligner characterized by being the light of a soft X ray field. 

[Claim 13] In an aligner according to claim 2 or 4 The focal position detection system and; which detect 
the position of the direction of an optical axis of the aforementioned projection optical system of the 
substrate on the aforementioned substrate stage. 

The aligner characterized by having further the stage control unit which gives the offset corresponding 
to the amount of drives of the aforementioned optical-axis direction of the aforementioned mask by the 
aforementioned scale-factor change equipment to the aforementioned focal detection system, and carries 
out feedback control of the position of the direction of an optical axis of the aforementioned substrate 
stage based on the detection result of this focal position detection system. 

[Claim 14] In an aligner according to claim 1 It has further detection equipment which detects two or 
more alignment marks on the aforementioned substrate using the aforementioned mark -detection system 
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in advance of the imprint to the aforementioned substrate of the pattern of the aforementioned mask. It is 
the aligner characterized by to make a change of the scale factor by the aforementioned scale-factor 
change equipment based on the position detection result of two or more alignment marks by the 
aforementioned detection equipment. 

[Claim 15] In an aligner given in any 1 term of claims 1, 2, 4, 6, 7, and 9 The aforementioned projection 
optical system is an aligner characterized by the aforementioned mask side being a non-calling cent 
rucksack. 

[Claim 16] It is the aligner which repeats and imprints the pattern of a mask on a substrate. The 
illumination system and; which irradiate the lighting light for exposure at the aforementioned mask. 
The projection optical system and; which project the aforementioned lighting light for exposure by 
which outgoing radiation was carried out from the aforementioned mask on the aforementioned 
substrate. 

The substrate stage and; holding the aforementioned substrate. 

The mark detection system and; which detect the mark which exists on the aforementioned substrate 
stage. 

Judgment equipment and; which judge the existence of the need for renewal of the amount of base lines 
of the aforementioned mark detection system based on a predetermined criteria. 
Renewal equipment of the base line and; which calculate the amount of base lines new when the result 
of judgment of the aforementioned judgment equipment is affirmative. 

the amount of the aforementioned mark-detection system for which it asked beforehand on the occasion 
of the imprint to the aforementioned substrate of the aforementioned mask pattern when the judgment 
result of the aforementioned judgment equipment is negative of base lines — using -- the position of the 
aforementioned substrate stage - controlling -- case the judgment result of the aforementioned judgment 
equipment is affirmative — the imprint by the aforementioned substrate of the aforementioned mask 
pattern — facing ~ the above ~ an aligner equipped with the stage control unit which controls the 
position of the aforementioned substrate stage using the new amount of base lines 
[Claim 17] In an aligner according to claim 16 The aforementioned judgment equipment is an aligner 
characterized by judging the existence of the need for renewal of the amount of base lines of the 
aforementioned mark detection system based on whether the aforementioned substrate which is the 
object of an imprint of a mask pattern is the head of a lot. 

[Claim 18] In the exposure method which imprints the pattern formed in the aforementioned mask, 
carrying out the synchronized drive of a mask and the substrate on the aforementioned substrate through 
a projection optical system The pattern of the mask which irradiated the lighting light for exposure with 
the predetermined incident angle to the pattern side of the aforementioned mask, and was illuminated by 
the aforementioned lighting light for exposure is faced imprinting on the aforementioned substrate 
through the aforementioned projection optical system. The exposure method characterized by 
controlling the position of the aforementioned substrate using the amount of base lines of the mark 
detection system which detects the alignment mark on the aforementioned substrate corresponding to 
after this setup while setting the projection scale factor of the aforementioned synchronized-drive 
direction of the aforementioned projection optical system, and the direction which intersects 
perpendicularly as a desired value. 

[Claim 19] In the exposure method according to claim 18 The aforementioned amount of base lines 
corresponding to after a setup of the aforementioned projection scale factor is the exposure method 
characterized by being what detected after a setup of the aforementioned projection scale factor. 
[Claim 20] In the exposure method according to claim 18 The aforementioned amount of base lines 
corresponding to after a setup of the aforementioned projection scale factor is the exposure method 
characterized by amending the amount of base lines calculated beforehand by calculation according to 
the set-up projection scale factor. 

[Claim 21] In the exposure method given in any 1 term of claims 18-20 It is the exposure method which 
the aforementioned mask is a reflected type mask and is characterized by the aforementioned projection 
optical system being catoptric system. 
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[Claim 22] In the exposure method which carries out the synchronized drive of a mask and the substrate, 
and imprints the pattern of the aforementioned mask on the aforementioned substrate through a 
projection optical system So that the shift of the projection field of a pattern image in the image field of 
the aforementioned projection optical system which adjusts the optical property of the aforementioned 
projection optical system in advance of the aforementioned imprint, originates in adjustment of the 
aforementioned optical property and is produced may be compensated The exposure method 
characterized by adjusting the physical relationship of the aforementioned projection field and the 
aforementioned substrate in the aforementioned synchronized drive. 

[Claim 23] In the exposure method according to claim 22 In order to determine the exposure position of 
the aforementioned substrate using the positional information which detects the mark on the 
aforementioned substrate by the mark detection system, and is obtained and to adjust the relative 
position of the aforementioned projection field and the aforementioned substrate The exposure method 
characterized by controlling the synchronized drive of the aforementioned substrate to the 
aforementioned mask according to the exposure positional information by which a decision was made 
[ aforementioned ] with the amount of base lines of the aforementioned mark detection system after 
adjustment of the aforementioned optical property. 

[Claim 24] In the exposure method according to claim 22 The exposure method characterized by using 
one side of the amount of base lines of the aforementioned mark detection system calculated in the 
aforementioned synchronized drive from the amount of base lines and the optical property by which 
adjustment was carried out [ aforementioned ] of the aforementioned mark detection system measured 
after adjustment of the aforementioned optical property. 

[Claim 25] In the exposure method given in any 1 term of claims 22-24 Two or more positional 
information which detects two or more marks on the aforementioned substrate by the aforementioned 
mark detection system, and is obtained, It is based at least on one side with two or more positional 
information which detects two or more marks on the aforementioned mask, and is obtained through the 
aforementioned projection optical system. The exposure method characterized by moving the 
aforementioned mask in the direction which met the optical axis of the aforementioned projection 
optical system, and adjusting the projection scale factor of the aforementioned pattern image about the 
direction of a synchronized drive of the aforementioned substrate, and the direction which intersects 
perpendicularly. 

[Claim 26] In the exposure method given in any 1 term of claims 22-24 The aforementioned mask A 
chief ray is the reflected type mask irradiated with the lighting light for exposure which inclined to the 
pattern side, the aforementioned lighting light for exposure It is the exposure method characterized by 
being the extreme ultraviolet radiation which has a spectrum in wavelength of 5-15nm, and for the 
aforementioned mask side being a non-calling cent rucksack, and the aforementioned projection optical 
system consisting of only two or more reflected light study elements. 

[Claim 27] It is the exposure method which imprints the pattern of a mask repeatedly through a 
projection optical system on a substrate. The 1st process and; which supervise change of the physical 
quantity leading to [ of the amount of base lines of the mark detection system which detects the mark on 
the aforementioned substrate ] change. 

The 2nd process and; the aforementioned physical quantity judges the existence of the need for renewal 
of the amount of base lines of the aforementioned mark detection system to be based on whether the 
predetermined allowed value was exceeded. 

The exposure method including the 3rd process which calculates the new amount of base lines when the 
aforementioned judgment result is affirmative, controls the position of the aforementioned substrate 
using the calculated amount of base lines, and is exposed by controlling the position of the 
aforementioned substrate using the amount of base lines of the aforementioned mark detection system 
for which it asked beforehand when the aforementioned judgment result was negative. 
[Claim 28] In the exposure method according to claim 27 The physical quantity supervised in the 1st 
process of the above is the exposure method characterized by being the thermal -expansion variation of 
the aforementioned mask. 
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[Claim 29] In the exposure method according to claim 28 The thermal-expansion variation of the 
aforementioned mask is the exposure method characterized by being what presumed based on the 
measurement result of the temperature distribution of the aforementioned mask. 
[Claim 30] In the exposure method according to claim 27 The physical quantity supervised in the 1st 
process of the above is the exposure method characterized by being the image formation property of the 
aforementioned projection optical system. 

[Claim 3 1] In the exposure method according to claim 27 The aforementioned projection optical system 
is the optical system containing a mirror. The physical quantity supervised in the 1st process of the 
above is the exposure method characterized by being the deformation of the aforementioned mirror. 
[Claim 32] It is the manufacture method of the aligner which imprints the pattern of a mask on a 
substrate. The process and; which provide the aforementioned mask with the illumination system which 
irradiates the lighting light for exposure. 

The process and; which offer the projection optical system which projects the aforementioned lighting 
light for exposure by which outgoing radiation was carried out from the aforementioned mask on the 
aforementioned substrate. 

The process and; which offer the scale-factor change equipment which changes the projection scale 
factor of the aforementioned projection optical system. 

The process and; which offer the substrate stage holding the aforementioned substrate. 

The process and; which offer the mark detection system which detects the mark which exists on the 

aforementioned substrate stage. 

The manufacture method of the aligner which includes the process which offers an amendment 
compensator for a projection position gap of the aforementioned mask pattern using the amount of base 
lines of the aforementioned mark detection system corresponding to after the scale-factor change when a 
scale factor is changed by the aforementioned scale-factor change equipment on the occasion of the 
imprint of a up to [ the aforementioned substrate of the aforementioned mask pattern ]. 
[Claim 33] In the manufacture method of an aligner according to claim 32 The process and; which offer 
the mask stage holding the aforementioned mask. 

The manufacture method of the aligner characterized by including further the process which offers the 
driving gear which carries out the synchronized drive of the aforementioned mask stage and the 
aforementioned substrate stage in the 1st direction which intersects perpendicularly in the direction of an 
optical axis of the aforementioned projection optical system. 

[Claim 34] In the device manufacture method including a lithography process The device manufacture 
method characterized by using an aligner according to claim 1 or 16 at the aforementioned lithography 
process. 

[Claim 35] In the device manufacture method including a lithography process The device manufacture 
method characterized by exposing using the exposure method of a publication in any 1 term of claims 
18, 22, and 27 at the aforementioned lithography process. 

[Claim 36] The device manufactured by any 1 term of claims 18, 22, and 27 using the exposure method 
of a publication. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 3] 



Fig. 3 



Z 
i 




[Drawing 4] 



http ://www4 . ipdl jpo.go.j p/cgi -bin/tran_web_cgi_ejj e 



8/19/03 



Page 5 of 18 




7 



/ 
Id 



[Drawing 5] 




^46 



-TO 



Z 
i 



X 



Y 




K 32 



http ://www4 . ipdl j po. go.j p/cgi -bin/tran_web_cgi_ejj e 



8/19/03 



Page 6 of 18 



Fig. 5 



Y 



X * 




[Drawing 6] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 8/19/03 



Page 7 of 18 



Fig. 6 

Z 
t 




WST 60 

Prawing 7] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 8/19/03 



Page 8 of 18 




Page 9 of 18 



[Drawing 8] 

Fig. 8 
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Fig. 9 A 




[Drawing 10] 
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Fig. 11 
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Fig. 15 
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[Drawing 16] 
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Fig. 17 




[Translation done.] 



http ://www4 . ipdl j po. go j p/ cgi -bin/tran_web_cgi_ejj e 



8/19/03 



